W2726 177/18 1 DESCRI PTION PROCESS FOR PRODUCI NG
AROVATI C CARBONATE TECHNI CAL FI ELD The present
invention relates to a nmethod for producing an
aromati c carbonate. Mre specifically, the present
invention relates to a nethod capable of 5 producing a
hi gh purity aromatic carbonate in a stable manner for
a long period, which coRBFfBERTIN owi ng. to react a
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carbonate and a mixture thereof and a reactant selected
10 from the group consisting of an aromatic monchydroxy
compound, an alkylaryl carbonate and a mixture thereof
in the presence of a metal-containing catalyst which
has a molecular weight of 450 or more and which is in
the form of liquid or dissolved in a liquid phase in.
15 the reaction system, with distilling off by-product
alcohol and/or by-product dialkyl carbonate to the

outside of the reaction system.

BACKGROUND ART

20 Aromatic carbonate is useful as a raw
material for producing aromatic polycarbonate which is
recently becoming more and more important as an
engineering plastic, without using poisonous phosgene,
or as a raw material for producing isccyanate without

25 using poisonous phosgene. Referring to the method of
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25 usi ng poi sonous phosgene. Referring to the nethod
of 2 producing an aronatic carbonate, a nethod is
known, which conprises subjecting dialkyl carbonate,
al kyl aryl carbonate or a m xture thereof which is a
starting material and an agpomatic nonohydr oxy
conpound, an 5 al kylaryl carbonate or a m xture
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carbonate by this nethod has been very difficult.
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catal ysts: Lewis acid such as transition netal halide
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been very difficult. Several approaches have been
proposed in order to make this method improvements, and
15 most cf them relate to catalysts for increasing the
reaction rate and a number of metal-containing
catalysts are known. In a method for producing
alkylaryl carbonate, diaryl carbonate or a mixture
thereof by a reaction between dialkyl carbonate and an
20 aromatic hydroxy compound, the following catalysts are
proposed as such catalysts: Lewis acid such as
trangition metal halide or a compound which produces
Lewis acid (Patent Document 1, Patent Document 2,
Patent Document 3 (which is corresponding to Patent
25 Documents 4 to 6)), tin compounds such as organic tin
alkoxide and organic tin oxide (Patent Document 7
(which is corresponding to Patent Document 8)), Patent

Document 9, Patent Document 10 (which is corresponding



(which is corresponding to Patent Docunent 8)), Patent
Docunent 9, Patent Docunent 10 (which is correspondi ng
3 to Patent Docunent 11), Patent Docunent 12 (which
is corresponding to Patent Docunent 13), Patent
Docunent 14, and Patent Dogument 15), salts and

al koxi des of alkali metal or alkalineearth netal
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19) ure eW|s acid and protonic acid
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Pat ent Docunent 21), a conmpound of Sc, M, WM, Bi, Te
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Docunent 23%} In additign, in a method of producing
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pol ynmeric tin conpound (Patent Docunent 27 ich
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carbonate by disproportichation of diaryl carbonate-and

15 diaryl carbonate by an transesterification between the
same kind of molecules of alkylaryl carbonate, the
following catalyets are proposed as such catalysts:
Lewis acid and a transition metal compound which can
produce Lewis acid (Patent Document 24 which is

20 corresponding to Patent Documents 25 and 26), a
polymeric tin compound (Patent Document 27 which is
corresponding to Patent Document 28), a compound
represented by the formula R-X(=0)OH {in which X is
selected form Sn and Ti and R is selected from

25 monovalent hydrocarbon groups) (Patent Document 29
which is corresponding to Patent Document 30), a
mixture of Lewis acid and protonic acid (Patent

Document 31 which is corresponding to Patent Document




whi ch is corresponding to Patent Docunent 30), a

m xture of Lewis acid and protonic acid (Patent
Docunent 31 which is corresponding to Patent Documnent
4 32), a lead catal yst (Patent Docunment 33), a
titanium or zirconium conpgund (Patent Docunent 34),
a tin conpound (Patent Docunent 35) and a conpound of
Sc, 3, a WMeadBratFbygtPatRarenbobamenen36)3) 5a0kitapium
other hand, ,it is also attenpted to inprqve the yield
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reacti on m xture using an apparatus having a 20
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al so, known (Exanpl es of Patent Document 43 which is
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Pat§dduments 38 and 39, Patent Document 40) and a method
in which by-product methanol is removed by adsorption
15 wusing molecular sieve (Patent Document 41 which is
corresponding to Patent Document 42) are proposed.
Further, a method in which alcohol produced
by the above-mentioned reaction is distilled off from a
reaction mixture using an apparatus having a
20 distillation column on the upper part of a reactor is
also known (Examples of Patent Document 43 which is
corresponding to Patent Document 44, Examples of Patent
Document 45, Examples of Patent Document 46 and
corresponding Patent Document 47, Examples of Patent
25 Document 48 which is corresponding Patent Document 49,
Examples of Patent Document 50 which is corresponding
Patent Document 51), Examples of Patent Documents 52,

53 and 54).



25 Docunent 48 which is correspondi ng Patent Docunent
49, Exanples of Patent Docunent 50 which is
corresponding Patent Document 51), Exanples of Patent
Docunents 52, 53 and 54). 5 More preferabl e nethods
i nclude a nmethod in which deal kyl carbonate and an
aromatic hydroxy conpound are continuously supplied
to a multi-sMage preEerakle: mesheds uimclude @omethadusty
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met hod in which al kylaryl carbonate 10 is continuously
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including dialkyl carbonate by distillation and

extracting generated products containing diaryl

15 carbonate from the bottom of the column (Patent
Document 56). These methods are the first disclecsures
of efficient and continuous production of aromatic
carbonate. Similar continuocus production methods have
been thereafter filed, such as a method in which

20 materials are brought into contact in a column type
reactor to perform transesterification (Patent
Documents 57, 58 and 59), a method in which a plurality
of reaction vessels are connected in series (Patent
Documents 60 and 6l), a method in which a bubble column

25 reactor is used (Patent Document 62) and a method in
which a vertical reaction vessel is used (Patent
Document 63).

Regarding industrial production of aromatic



Docunents 60 and 61), a nethod in which a bubble
columm 25 reactor is used (Patent Docunent 62) and a
method in which a vertical reaction vessel is used
(Patent Docunment 63). Regarding industrial production
of aromatic 6 carbonate byethese nethods, nethods for
stabl e and |ong-term operation have al so been
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less relative to the nmetal conponent of the catal
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which enables long-term stable operation by suppreSSLng
precipitation of catalyst by contrclling the weight
15 ratio of an aromatic polyhydroxy compound and/or a
residue thereof to 2 or less relative to the metal
component of the catalyst in a liguid matter in the
gystem containing the catalyst.

on the other hand, the catalyst used in this
20 reaction system is usually dissolved in a reaction
mixture under reaction conditions, and has a higher
boiling point than aromatic carbonate. Therefore, to
obtain high purity aromatic carbonate from the reaction
mixture, low boiling point components are first removed
25 from the mixture and then diaryl carbonat; of the high
beiling point components is separated froﬁ the catalyst
so as to purify the diaryl carbonate. It is known that

the catalyst may be recovered and reused as a high




obtain high purity aromatic carbonate fromthe
reaction mxture, |low boiling point conponents are
first renoved 25 fromthe m xture and then diaryl
carbonate of the high boiling point conponents is
separated fromthe catalyst7 so as to purify the

di aryl carbonate. It is known that the catal yst nmay
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Ti t anl um confpounds” are nomn to be an excel
cated yst (e.g., Patent Docunents 67 and 68). However,
when titanium based catal ysts, for exanple, titanium
Phenoxi de: TIFéGRhjum cronpcuadisuareal kusimdd:o bE @AR) 4, is
used, there is a_problemthat diaryl 10 carbonate
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they are also distilled off in a proportion
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used has a boiling point of 206°C at 1.3 KPa and
titanium phenoxide typically used has a boiling point
15 of about 250°C at about 27 Pa (No patent Document 1),
they are also distilled off in a proportion
corresponding to their vapor pressure upon separation
of diaryl carbonate by distillation and therefore not
gsufficiently separated from the product. Further, as
20 described in Patent Document 70, degradation of
catalyst and deterioration of diaryl carbonate due to
high temperature in separation of titanium phenoxide
have been reported. Also, Patent Document 71 describes
a problem that when Ti(0OPh), is used and a mixture of
25 starting materials and a catalyst is supplied to a
continuous multi-stage distillation column to continue
the reaction, the distillation column may be clogged.

Thus, the well-known titanium based catalysts have




hi gh tenperature in separation of titani um phenoxide
have been reported. Al so, Patent Docunent 71 descri bes
a problemthat when Ti (OPh)4 is used and a m xture of
25 starting materials and a catalyst is supplied to a
conti nuous multi-stage distigllation colum to continue
the reaction, the distillation columm nmay be cl ogged.
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PROBLEMS TO BE SOLVED BY THE INVENTION

An object of the present invention is to
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di st#§15%%y ab‘i%‘r‘*o"’lﬂkt“ﬁ@@%ﬁ& ERcnl e 5 Poduct

di i opgt gt QUL ARy ok e difpRiia0n

sy%éﬁl%%&gﬁcﬁr% NPERYRr ol A

of a1kensive cardehete COUChBstithye therdpfesenthe

inventors to solve the af orenenti oned

10 presence of a metal-containing catalyst, with
distilling off by-product alcochol and/or by-product

dialkyl carbonate to the outside of the reaction

system.

15 MEANS FOR SOLVING THE PLOBLEMS
As a result of intensive studies conducted by

the present inventors to solve the aforementioned
problems, the inventors have found that the object can
be achieved by using a specific metal-containing

20 catalyst as a catalyst when producing an aromatic
carbonate by allowing to react a starting material
selected from the group consisting of a dialkyl
carbonate, an alkylaryl carbonate and a mixture thereof
with a reactant selected from the group consisting of

25 an aromatic monchydroxy compound, an alkylaryl
carbonate and a mixture thereof in the presence of a
metal-containing catalyst, with distilling off by-

product alcohol and/or by-product dialkyl carbonate to



probl enms, the inventors have found that the object can
be achi eved by using a specific netal -containing 20
catal yst as a catal yst when produci ng an aromatic
carbonate by allowing to react a starting nmateri al

sel ected fromthe group congi sting of a dial kyl
carbonate, an al kylaryl carbonate and a m xture

t hetlmofoutsiitie afr ebetxarctionceyetenr cind HdiegPygpent

consi sting of 25 an aronmatic nonghydroxy conpound, an
al kimegnionc hagohaee %ﬁﬂ?%ﬁtﬁﬁxtu§%¥?¥&ﬁ%§§iﬁ'nggﬁe

f, t al - cont ai_ni Ty .
R GRftsent igrenbrol ol Hlve BleCBtabYal ot ldotventional
di al kil %n@&s?ggn&%n& hA eut s des odi dtia 1aeaehi on

system and the pfésent invention has been conpl et ed.
Sur gs1sind Fnequiehe 1y pseaantwheny esttoancanmmsblay gathdyst
probl em of conventional nethod that cloggjng and,

bl ogke neppefl idids tol theimiddle plass Pf cbiR HisFiddagion

when reactants and a catal yst. . are s lied t :

m dEPEIR a3 £RELBTRPERY | rﬁiﬁn&ﬁoncs#lgﬁn“f%en%qtthggmer
resent | {i [ i te

Prepenled il LA0akag SRKEA darBBAREE £idh SRR

produce aryF carbonate from other conponents and

t hUSoRBGNEHQAUGR Rhab s igsodlicer yighOperd honditaaryiln
whi ch the anobunt m xed of a netal conpound derived

10r oomebomdtad Vist whd cbxthenphaurgnaiiked A carertay FompRend
present inventionis as follows. [11 A nfihod for

pr odatived diram eneetelyst cif FEHERSLihPBA tonpri ses

O D O N irlgSLp LAY o B BhvaSLESH o o

|
follows.

{1] A method for producing an aromatic

15 carbonate, which comprises allowing to react a gtarting
material selected from the group consisting of a
dialkyl carbonate represented by the following formula
(1), an alkylaryl carbonate represented by the
following formula (2) and a mixture thereof with a

20 reactant selected from the group consisting of an
aromatic monohydroxy compound represented by the
following formula (3), an alkylaryl carbonate
represented by the following formula (4) and a mixture
thereof in the presence of a metal-containing catalyst,

25 with distilling off by-product alcchols and/or by-
product dialkyl carbonates to the ocutside of the
reaction system, thereby producing an aromatic

carbonate represented by the following formula (5)




di al kyl carbonate represented by the follow ng formula
(1), an alkylaryl carbonate represented by the
following formula (2) and a mixture thereof with a 20
reactant selected fromthe group consisting of an
aromati ¢ nonohydr oxy conpeurd 4 epresented by the
following formula (3), an al kylaryl carbonate

r epredam &hepyol hewiny | fawimud af §f hucerreppoaddng HPxElf e
th f th | - t

cat %f%%nfn%z@aiﬁ?iigﬁ?%?f e GoBFF A RS SPEoRBFEL-
and% iR QdUg, 91% yatnhéégggﬁﬁétgéjﬁttalﬁ%xg%s' de

of reaction s CI ng an aromatic

car @&ﬁt%ﬁt&%ﬂr sseat:ﬁ&lébﬁltafie w%@bh@%ﬂgeiéoardw k@ r&Skhiléh
and/or the following formula (6) corresponding to the

st aa:dsmmsrmt ati dbasandtwd e itaadtmnatomdh aarel st désselwdd

contai ning catalyst is an organic pol ytitanoxane
conpost thiskicf PhasB| B UiE REFGRPN OFY BT AT REFESHA| th

r s_at ast titanium ato and is dissol ved

nngn?i 6h§§guﬁiv$f{emrge§k‘ﬁ SREEYEY¥m or present in

theformof liquid during the reaction, RL/OY O ~1 Rt
O (1) ROTOCAz (2 Arl()—| §03) R30YO~-Ar3

R1/ \l_r

(1)

R OTO\A?

(2)

Ar'OH

(3)

o o)
R~ \Ir ~ard
0
(4)

(wherein R!, R? and R® in the formulas (1) to (4)

independently represent an alkyl group having 1 to 10




O (4) (wherein Rl, R2 and R3 in the fornulas (1) to
(4) independently represent an al kyl group having 1 to
10 - 13/1 <carbon atonms, an alicyclic group having 3
to 10 carbon atons or an aral kyl group having 6 to 10
carbon atons, 14 and Arl,1#r1 2 and Ar 3 independently
represent an aromatic group having 5 to 30 carbon

at onsghommtoREo anyahigyclge @spupahaving 3ptopd0ocarkyn

(oTSkont o 3wk ' B pmARg, b ol " gl fe586!

corresponding starting material and reactant). [2] The
nmet hod according to [1], wherein the organic

pol yti tanoxane conposition contains at |east one

al koxy group and/or aryloxy group as an organic

group. [3) The nethod according to [1], wherein the
organi ¢ pol ytitanoxane conposition is obtained by a
pol ycondensati on reaction of at |east one raw nmateria
sel ected fromthe group consisting of

tetraal koxytitanium tetrahal otitanium (Ti X4: X bei ng




selected fromd and Br) and titani um hydroxide. [4]
The met hod according to [3], wherein the organic

pol ytitanoxane conposition is obtained by
sequentially or simultaneously perform ng the two
steps - 15 - of: 1) prepating -a partially hydrol yzed
pr oduct by partlall hydrol yzi ng tetraal koxytitani um
anda® Ati'st Ati iamgl 6¥¥ %nigﬂﬁgﬂQPGQYItﬁ@#ﬂﬁﬂﬂtngn poPmatic
conponent |nclud|n cohgl fromthe tially :

hy ’b‘?‘i&é‘@V&PSdécF %%ﬂfgﬂc’é‘cf"ﬂiﬁﬁs heg"tf{oduct to

pol ycondensat i on. [5] The nmet hod according to [3],
wherein the organic polytitanoxane conposition is
obtai ned by subjecting te 6raal xytitaniumto

heati ng, deetherificath ondensation. [6]
The nmet hod according to'[ 3], ereih the organic

pol ytitanoxane conposition i gy0btained by
sequentially or sinultaneously performng the three
steps of: 1) preparing a par{%ﬁlly hydr ol yzed product
by partially hydrolyzing tet alotitanium 2)

distilling off a | ow boiling point conmponent fromthe
partially hydrolyzed produ subj ecting the
product to polycondensahrﬁh é?vweactlng t he

resultant with al cohol, renojying HX therefrom and
al koxyl ating the same. [7] Th® nethod according to any
one of [1] to (6)

(wherein R and Ar in the formulas (5) and (6} are each
selected from R!, R?, R%} Ar!, Ar? and Ar® of the
corresponding starting material and reactant).

[2] The method according to [1], wherein the
organic polytitanoxane composition contains at least
one alkoxy group and/or aryloxy group as an organic
group. |

[3] The method according to [1], wherein the
organic polytitanoxane composition is obtained by a
polycondensation reaction of at least one raw material
selected from the group consisting of
tetraalkoxytitanium, tetrahalotitanium (TiX4: X being
selected from Cl and Br} and titanium hydroxide.

[4] The method according to [3], wherein the
organic polytitanoxane composition is obtained by

sequentially or simultaneously performing the two steps




(6), wherein the polytitanoxane conposition is used as
is or after al koxy group exchange by reacting the
conposition with a conposition containing at |east one
menber sel ected from al cohol, an aromatic hydroxy
conmpound and carbonic acid pster. - 16 [81 The nethod
according to any one of [1] to [7], wherein the
titafhi um contai ni ng conpound contains at |least two Ti

atons in one nol ecul e The hod accordi,ng t

[ 81, wherelnlﬂhEreP?¥%ﬂéLﬂnﬂfﬁﬁ?gEi é%ﬁ%y roduct
contains .2 tq.6.7Ti The
et PPt vis8t g %ﬁ%ﬁglgﬁ*ﬁﬁ%;aﬁ%hd

cont ai ni ng CQYPAYBHI COMAIJIE at gkRapatéalol bo@ilhng
bond in a nolecule. [ill The nmethod according to [1],

whepelnt tdunpomenal inohiddbiny mgcoabal9s®mrnn£zvawapeily
pressure at 230C of 10 Pa or |lower. [12] The nethod
acchydralyaes arpdufe %ﬁd[%HbJQQSIPilfhevWEQQH Re

met al -contain catalyst Is used in a proportion of
0. 0BBY: YT?F@%??aﬁg Rei ght based on the total weight of

the starting i Rhk he B1Sh tJe%orraaﬁga@& [i113]wh2%m the

nmet hod accor g to any one , Wherein
t heoagfxvad i;cbllawirtawxmmummtmmls sist gimdoby 17

[ 14] Di phenyl carbonate produced by the
subjecting tetraalkoxytitanium to heating,
deetherification and polycondensation.

[6] The method according to (3], wherein the
organic polytitanoxane composition is obtained by
sequentially or simultaneously performing the three
steps of:

1) preparing a partially hydrolyzed product
by partially hydrolyzing tetrahalotitanium,

2) distilling off a low boiling point
component from the partially hydrolyzed product and
subjecting the product to polycondensation and

3) reacting the resultant with alcohol,
removing HX therefrom and alkoxylating the same.

[7] The method according to any one of [1l] to
(6], wherein the polytitanoxane composition is used as
is or after alkoxy group exchange by reacting the
composition with a compogition containing at least one
member selected from alcohol, an aromatic hydroxy

compound and carbonic acid ester.




met hod according to [13] containing i ppmor |less of a
nmet al conponent derived fromthe netal -containing

catal yst. [15] Pol ycarbonate conprising the di phenyl
car bonat e produced by the nmethod according to [131
containing 1 ppmor |ess ofi@ fretal conponent derived
fromthe netal -containing catal yst. Al though

titani um basd@l cirelnethpchageordies| temnyc gl pfi €11 to

<0 L0 Rssingnd SPERAS S ER el SRt B

U Lani umsatalyst Qfofy i LARI HELEERTE! ning conpound
derive romthe titanium catalyst Trom produced

di aryl carbongterhe héehdEackoedingi #d ure ,akheteihethe
reaction and to obtain diaryl carbonate whose

ti taitamurocpenainéng nedrpoudngestains ilitey 6t Aat atges
of a specific titaniumcatalyst facilitates

sept? Ao MHESUBde it possible for the first tine to

obtai n diaryl r honat LLani nt '
smal | wit hout[lg?f Pﬁ%uﬁe%}”%%%(g%g%%é?%at%g ,pr@@%g%?n the
I NVENtdRm @bﬁ%)i!lniﬁg"rmgﬁﬁd"\’eeﬁﬁaiﬁé HY WBageNbRBLTL S
smal | can be easily ~produced w thout causing probl ens
such-eis @ldonnng dobecdletitanium In the follow ng,
the present invention is described in detail. The

di al kyl car bdAal eTheenethed pecopdengnto | Bdenthgrein the

represented by the formula (1): 18 R'"'0O ORS
pmetal—conté%ning catalyst %a% a vapor pressure at 230°C

of 10 Pa or lower.

[12] The method according to any one of [1]
to [11], wherein the metal-containing catalyst is used
in a proporticn of 0.0001 to 30% by weight based on the
total weight of the starting material and the reactant.

[13] The method according to any one of [1]

to [12], wherein the aromatic hydroxy compound




O (1) wherein Rl represents an al kyl group having 1
to 10 carbon atons, an alicyclic group having 3 to 10
carbon atons or an aral kyl group having 6 to 10
carbon atons. Exanples of dial kyl carbonates

contai ning 5 such Rl inclugg/dinethyl carbonate,

di et hyl carbonate, dipropyl carbonate (and isoners

t heteqgfhencadi.but enyl carbonate (and isoners thereof),
di butyl carbonate (and isoners thereof), dipentyl
carbonate (and isoners thereof), dihexyl carbonate
(and isonmers thereof), 10 di heptyl carbonate (and

i soners thereof), dioctyl carbonate (and isoners

t hereof ), dinonyl carbonate (and isoners thereof),

di decyl carbonate (and isonmers thereof),

di cycl opentyl carbonate, dicycl ohexyl carbonate,

di cycl oheptyl carbonate, dibenzyl carbonate, 15

di phenetyl carbonate (and isoners thereof),

di (phenyl propyl) carbonate (and isoners thereof),

di (phenyl butyl) carbonate (and i soners thereof),

di (chl orobenzyl) carbonate (and isoners thereof),

di (nmet hoxybenzyl) carbonate (and isoners thereof), 20
di (et hoxynet hyl ) carbonate, di (nethoxyethyl)
carbonate (and isoners thereof), di(chloroethyl)
carbonate (and isonmers thereof) and di (cyanoethyl)
carbonate (and 19 isoners thereof). O these dial kyl
carbonates, those in which R contains an al kyl group
having 1. to 6 carbon atons are preferably used in
the present invention. Rl



is nore preferably an n-butyl group, an isobutyl group
5 and an al kyl group having 5 or 6 carbon atons, and
di al kyl carbonate containing a |inear or branched

al kyl group in which the carbon atomat the a
position of oxygen is secondary carbon (-CH2-) is
preferred. Particularly preferred are dibutyl
carbonate and 18] sDighgryletcaybpnaye ) predunsdhby. tﬁﬁe

gx carbgnate ust as a sta[thg mat er '
%@@demccpﬁ &RYi oM ]é‘BPé'?éH%%%l PRHET Bhrfs =
(2) 2 e n 1B sane
as oré%{f ﬁp ﬁ?r%%1 éWR gﬁ%éggééentgggﬁhgﬁg

gr oskpe &g 1 to 10 carbon atons, an alicyclic group
havi ng to 10 carbon atons or an aral kyl group
having 6 to IQS¢antyc&mhmnateandmprﬂsingﬂmmesddpbeaﬂl
aromatic group having 5 to 30 carbon ato

Exafpranade pyepured e té?eom%hpfise%%omse té’s IIP&

Eher g rtesl o opce oot enarEet ) S ey e
g1 OBRGn SURN YAl LIELIMLANC RNk 2l 9B, | SOTEL'S ther eof),

20 tetranet ylphe i soners thereof),

et hyl phenyl Aaandugﬁomainﬂdnsbeeéai cptapsyzhéayk (and
i soners thereof), butylphenyl (and isomers thereof),
di ecqumwba(:awtlg oelrieon Hacdvding nﬁetg‘ﬂﬂdetnﬁllcﬁh@ﬂyl

rate and selectivity as described above, it was
difficult to separate such titanium catalyst or a
titanium containing compound derived from the titanium
catalyst from produced diaryl carbonate in the reaction
mixture after the reaction and to obtain diaryl
carbonate whose titanium content is small. A novel
finding that use of a specific titanium catalyst
facilitates separation has made it possible for the
first time to obtain diaryl carbonate whose titanium
content is small without difficulty.

According to the present invention, diaryl
carbonate whose titanium content is small can be easily
produced without causing problems such as coloring due
to titanium,.

In the following, the present invention is
described in detail. The dialkyl carbonate used in the

present invention is represented by the formula (1):




F————_- o

5 (and isoners thereof), pentyl phenyl (and isoners

t hereof), hexyl phenyl (and isoners thereof) and

cycl ohexyi phenyl (and isoners thereof); al koxyphenyl
groups such as met hoxyphenyl (and isoners thereof),

et hoxyphenyl (and isomers tiereof) and but hoxyphenyl
10 (and isoners thereof); hal ogenated phenyl groups
such as fluorophenyl (and isoners thereof),

chl orophenyl (and |soners t hereof), bronophenyl (and
i sonmers thereof), chl 9; nyl (and isoners
thereof) and dichl orop eny and i soners thereof);
substituted 15 phenyl groups gepresented by the
following formula (7): OA C~ (7) (wherein A
represents a bond, a dival ent group such as -0-, -S-,
-CO or -S2-, an al kylene gfbup or a substituted

al kyl ene group represented by the following (8) or a
cycloalkylene group represented by the 20 fol |l ow ng

nd. an., £ t
I O\A/gpe‘é?k?efll Sgcgg%es%nqso\%g} @%Kgﬁ%gl%u%waﬁdes?ér%
t
Oy oblirndn WY o QUPeyBLI drOuly BUPing 310N A ke

R5, aBémanskr Bh airal1rel hgr@mpmwmgt ISyta 16 ychdyen adoos)
a | ower al kyl group, a cycloal kyl group, an aryl,
group or an &xaAvpiesgebupialyicls ngges containing

5 guch R' include dimethyl carbonate, diethyl carbonate,
dipropyl carbonate (aﬁd isomers thereof), dibutenyl
carbonate (and isomers therecof), dibutyl carbonate (and
isomers thereof), dipentyl carbonate (and isomers
thereof), dihexyl carbonate (and isomers thereof),

10 diheptyl carbonate (and isomers thereof), dioctyl
carbonate (and iscmers thereof), dinonyl carbonate (and

isomers thereof), didecyl carbonate (and isomers

thereof), dicyclopentyl carbonate, dicyclohexyl

carbenate, dicyclbheptyl carbonate, dibenzyl carbonate,

15 diphenetyl carbonate {(and isomers thereof),
di (phenylpropyl) carbonate (and iscmers thereof),
di (phenylbutyl) carbonate (and isomers thereof),
di (chlorobenzyl) carbonate (and isomers thereof),
di (methoxybenzyl) carbonate (and isomers thereof),
20 di(methoxymethyl) carbonate, di(methoxyethyl) carbonate
(and isomera thereof), di(chloroethyl) carbonate (and

isomers thereof) and di(cyanocethyl) carbonate (and




5 optionally substituted by a hal ogen atom or an

al koxy group, and (9) (wherein k is an integer of 3
to 11 and a hydrogen atom may be substituted by a

| ower al kyl group, an aryl group or a hal ogen atom;
10 naphthyl (and isoners theyeof), substituted

napht hyl groups such as net hyl napht hyl (and isoners
t heizufors themerhyl naphtthgse diglkgbreadangéesef fhose

: hi ¢ ht hyl d th f), th ht hyl

(arh (SO & EPUAON) S8nal EYhrGah YR PandL? comapon
theregfd ;ar%ngrég’e?glpf’;} '&é‘%]deqnorthgnﬁygééﬂg litng‘ﬁi,ntion. r!
het er oar onat ¢ 'groups suc as pyridine (and 1soners

t hef £Qfdre @i‘@&é)fbb.(?rli’n ISRy gbbepeadn ,ispurelygroup
(and isonmers thereot), nethylpyridyl (and isoners
bheamdfdn adlklydr gpyup dydviand sofrecaridsh atemseofhgd

met hyl cumaryl (and isoners thereof) and

et Ao Inslaybopake saffrdnghar dbhgar B RRcesher alkyl
| kyl aryl, carb taj ning _sugh d A2
VRS 2t AR SBnGhs | SRR BoRsen, 2B Rt & S eagr of

car r?'isms.QBXIBﬂQPflrWAr&ﬁf haeal .8 (i%n%r'e%Q!?Eléé.

t hereot), allyl enyl carbonate, butyl pheny

car ot 1eang peofef ted e dibnt pENEytbgiayland bis
carbonate (and isoners thereof), hexyl phenyl

18ar boretthey 1 budiyd ) i sanpematteher eof ), heptyl phenyl
carbonate (and 10_jsoners thereof), o

| [yl .
car bonat e (aﬁaei§6h¥}§ry¥tﬁ%ﬁ?@P?FenBﬁ§$X%%%ﬁf%ﬁﬁéh??)
car bé){‘é'i;{iea i and thggﬁgér %ené NeLRAk): ondEE Vied bt cRAERY! dne

carbonate (and i
formula (2):

0 o.
Rzz’ \1r/ \ﬁAF
0

(2)

wherein R? may be the same as or different from R! and

15 represents an alkyl group having 1 to 10 carbon atoms,
an alicyclic group having 3 to 10 carbon atoms or an
aralkyl group having 6 to 10 carbon atoms, and Ar?
represents an aromatic group having 5 to 30 carboen
atoms.

20 Examples of such R® are groups listed above as
R'. Examples of Ar’ include phenyl, tolyl (and isomers
thereof), xylyl (and isomers thereof), alkylphenyls

groups such as trimethylphenyl (and isomers thereof),




thereof), nethyl tolyl carbonate (and isoners
thereof), ethyl tolyl carbonate (and isoners
thereof), propyl 15 tolyl carbonate (and isoners

t hereof), butyl tolyl carbonate (and isomners
thereof), allyl tolyl carbopate (and isoners
thereof), nethyl xylyl carbonate (and i'soners

t heteofme thatliphenyl r {and Hlyﬂqm%‘ﬁy r:yxeéfm%bnaﬁtéxylpaﬁayl

I somer s thereof% thy (chl I%Réaxbonate 20
(anéeRe grgme rsh EPEEPS L) natIRAY P R 135 °F& Bonat e
(anghé§0 rsb&E?ﬁgﬂég 1 rﬂyks%ﬁgkgo§

car bonha er eo cunyl

car §osat g(h%lih 1 l(§ﬁHE;[§orﬁé1@ edkrechP] hyétk(ﬂ&rﬂhtyhyshényl
carbonate (an i somers thereof), nethyl (pyridyl)

éar bamdt s drerrs 25ereoﬁbrSpaﬂﬁmﬂpbﬁpyletamd xngnﬂrs
carbonate (and isoners  thereof), nethyl benz%y

phehwgeftfdrrbéwawépbaﬁﬂl (ansheisemeRsr E‘a?’jeofe’t AT xyl vl

b h f
cor bonbvietSFnenyll Kade 17RAE, FreReoREn AR iRsnyt
whi gh Ei@s | Suc a"él Exkhwz%rmvuaadllsam@mcafm@o@orrs

and” nore prefe I's Nn-butyl, isobutyl or an

al kythowmmaweng Dsée fs adidientat and unchodyiphieaydn
aromatic 5 group having 6 to 10 carbon atons are nore
10r efl@n@bisomarsedhepapf) £ hakdgengtefiephery hrargpsy such

phenyl carbonate and (2-ethyl byt he carbonat e.
Theas st EreTaRpemitedPEA H3FPIH eBFESe$RQ?HﬂR§%ﬁY

sel.ect ed fr the f, kyl 10
carBgﬂ%t%f?%ﬁﬁﬁeseﬁfeafgyo%gkégﬁﬁ ngﬁ gggl%ﬁéﬁgéﬁ'nula
(1) enePed¥ KY |1 cq Rk BRVAS $hdrRAr @38At edors hndrenmyl a

and dichlorophenyl (and isomers therecf); substituted

15 phenyl groups represented by the following formula (7):
@‘@
—= -

(wherein A represents a bond, a divalent group such as
-0-, -8-, -CO~ or -80;-, an alkylene group or a
substituted alkylene group represented by the following
(8) or a cycloalkylene group represented by the

20 following (9), and an aromatic ring may be substituted
by a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen oi a

cyano group),




(2) and a m xture thereof. The aromati c nonohydroxy

conpound used as a reactant in the present invention
is represented by the 15 following formula (3), and
any conmpound may be used as |ong as a hydroxyl group
is directly bonded to the apmatic group. Art OH (3)
In the formula, Arl may be the sane as or different

fromAra and represen an aronati§4gr p 20 having 5

to 30 carbon atonmns. npl es of suGh i are those
listed above as Are. anpl es of aromati c nonohydr oxy
conpounds having such Ar include|ph§gf

al kyl phenol s such as resol (and Fgo s thereof),

xyl enol (and isoners and pheno particul arly
preferred. The al kyl aryl carbonate used as a reactant
in the present invention is{&epresented by the
following formula (4. R3/0YO0\A3 (4) 5 1n the
formula, R3 may be the sane as or different fromR1l

andyi2 o 3nder cr C36NL31 80 LIVl Wi IAYLNGLE O 10

icyclic grou
car ey M tef, 28 %@ék)&l@ﬂog@obgngcﬁ:lmlkgl group,
car bon atoms, and Ar be the sane as or different
10 & onesAr |gr@n§$ At 2an aemh]r}mir gsonps wimich onagyt be gr oup
5 optionally substituted by a halogen atom or an alkoxy

group, and

™
\\\ﬁ_df,//

(9)

(wherein k is an integer of 3 to 11 and a hydrogen atom
may be substituted by a lower alkyl group, an aryl
group or a halogen atom);

10 naphthyl (and isomers thereof), substituted naphthyl

groups such as methylnaphthyl (and isomers thereof),

dimethylnaphthyl {and isomers thereof), chloronaphthyl

(and isomers thereof), methoxynaphthyl (and isomers

thereof) and cyanonaphthyl (and isomers thereof); and
15 substituted or unsubstituted hetercaromatic groups such

as pyridine (and isomers thereof), cumaryl (and isomers

thereof), quinolyl (and isomers thereof), methylpyridyl

(and isomers thereof), chloropyridyl (and isomers




having 5 to 30 carbon atons. Exanples of such R3 are
groups |isted above as Rl, and exanples of Ara are
those listed above as Are. Exanples of al kylaryl
carbonates containing 15 such R3 and Ara are those
listed above as in the fornpta (2). O these

al kyl aryl carbonates, those whose R3 has an_ al kyl
gr otiherend Ing methyleumarpbnlandoiscrays Arleyepyy and

aromatj c. grou aving 6 to 10 carbon, atons are -
pre?‘%?%’bjr‘g‘{ftdgéa &%ngslmeersprtg‘faé?gg?y an n-butyl 20
group, an is r QHP 1N branched ;gk ky!
group havi ng%g&%%hggcggb%%%]iadgj% ?%E]\?\glﬁ%ﬁéétahe cgrlggﬁg
at ogugk #h@na RE5SiincQndel mexiEe pHenyIccarHahyt€Ard Nyl
(- CH2-). Particularly preferred are butyl phenyl 26
6ar bberyke canbonatet hyrbpyl |phepiydnghrbendomatand tLisemers
reactant of the present inventionis selected from

t hetBeBRRL looRdiletli RBEBYL FREREREE cPURrh RRRHYIX

d d b f | _
o KORERoRA e B3 BOndYo Uler ey Bentht B2 (4) and
a MuxiuseaddereRfl 1sdher Fetada ,t RexPl esitdtyl Reepbhale

for producing an aromatic carbonate or an aromatic

car hanat tsonedsuitherebf Ch lospgyl phengl| carbundte rl@adt a
starting material and a reactant in the presence of a
190 ieem¢rs diexienifng eatyl yerlnly saehpngte n(and apomgss

ST by oA 5

ArlQhE€£é£¥¥)3é%yi %ggtyiéggnyl) carbonate (and isomers
thereof), methyl tolyl carbonate (and isomers thereof),
ethyl tolyl carbonate (and isomers thereof), preopyl

15 tolyl carbonate (and isomers thereof), butyl tolyl
carbonate (and isomers thereof), allyl tolyl carbonate
(and isomers thereof), methyl xylyl carbdnate (and
isomers thereof), methyl (trimethylphenyl) carbonate
(and isomers thereof), methyl (chlorophenyl) carbonate

20 (and isomers thereof), methyl (nitrophenyl) carbonate
(and isomers thereof), methyl (methoxyphenyl) carbonate
{and isomexrs thereof), methyl cumyl carbonate (and
isomers thereof), methyl (naphthyl) carbonate (and
isomers thereof), methyl (pyridyl) carbonate (and

25 isomers thereof), ethyl cumyl carbonate (and isomers
thereof), methyl (benzoyl phenyl) carbonate (and
isomers thereof), ethyl xylyl carbonate (and isomers

therecf) and benzyl xylyl carbonate.




A A RIOCCORI + R3000Ar3 R1000Ar3 + RIOCOR3 (E3) b b d b
R20 i QOAS + R3000Ar3 ArOCCOAr + ROR (E4) d ~i01 (In
the formulas, RRL, R2, R3, Ar', Ar2 and Ara are as

defi ned above; in the reaction fornula (E4), Ar

i ndependently represents ArZ3 or Ara and R

i ndependently 15 represents R2 or R3; when R2=R3 and
Ar2=Ar3 in tRE these iakylerll aarrenateshe theget ipnwhich
an _jtransest rlflcatlo bet ween

molBcdPedl UKy} (GHoREs Pavipy t}ﬂll‘%ﬁ@ﬁgﬁm(iﬂ%’“?soﬁ%s

th fgeﬁm l.phe r ,
etﬁ{ noFgg%B séﬁepsﬂﬁk%redgwﬁ%%?g F %gﬁgﬁigénd

Lﬁ) naR@hg0k) £ baitad dsanak ohanghd smﬁens dhermafatic
5 di et hyl phenol (and isomers thereof),
ﬁet¢@duﬂIM¢wphgn6Ito(Iﬂutarb@ueaSOmheaxﬂﬁmore preferably
met hyl propyl phenol (and isoners thereof

).
di prosy pr?éﬁasnceh%ly Wﬁérﬁﬁeﬁé%f}yutﬂ phenyl

(an“ kel Ao 2 %% TS Bhefv apnBEne  PHRE!
g&&f aexek hexyd Phenehe( gpds OB entheheos) ;

alkoxyp eno suc as net hoxyphenol (and isoners

t heé@lca‘dtewdremhaijmxﬁ donadstsnges B 4 hidraal);
substituted phenols represented by the fornmula ( i
1Q- -c8nateOreprheeried Ry $he gbgup-@@s%ﬁeﬁeéoa% ?):

(1), an alkylaryl carbonate represented by_the formula
(2) and a mixture thereof.
The aromatic monohydroxy compound used as a
reactant in the present invention is represented by the
15 following formula (3), and any compound may be used.as
long as a hydroxyl group is directly bonded to the

aromatic group.

Ar'OH
(3)

In the formula, Ar! may be the same as or
different from Ar? and represents an aromatic group
20 having 5 to 30 carbon atoms. Examples of such Ar! are
those listed above as ArZ.
Examples of aromatic monohydroxy compounds
having such Ar' include phenol, alkylphenols such as

crescl (and isomers thereof), xylenol (and isomers




15 naphthol (and isoners thereof) and substituted
napht hol s; and nonohydr oxy het eroaromati ¢ conpounds
such as hydroxypyridine (and isoners thereof),

hydr oxycoumarin (and i sonmers thereof) and

hydr oxyqui nol i ne (and i sonegs thereof). O these 20
aromati ¢ nono hydroxy conpounds, aromati c nono hydroxy
congod efengdode Aﬁrtig %ﬁf&ﬁwﬂﬁﬁﬁ?érgﬁoup haV|ng 6 to

10 b t f d. th \
vent .roﬁ” ShRE kv Ry HrEopatacied 49 wearrant i

as e ﬁ%b?ﬂ@iéﬁ)rﬁg % gg?tsgfw‘ﬁy( E3 Ik g wOHE

reactl ns 0 or mul as and (E4)
accg&gﬁgmhtqm)the nmet hod of 5 the present invention,
one or at |least two dial kyl carbonates and aIkyIaryI
carbonates may be used as starting materials.
Further, one or at |east_t aimmat i ¢ nonohydr oxy
conmpounds and aIkyIaryIR%arbo atesAFnay be used as
reactants. 10 A case in whi chliR2=R3=R and Art =Ar 3=Ar
in the transesterification r€presented by the
reaction fornula (E4) is prefgyred because di aryl

car bonat e and di al kyl carbonate are obtained by an
transesterification of the sanme kind of nolecul es of
one al kyl aryl carbonate. 15 Further when R '=R2=R3=R
and Art =Ar 2=Am3tAe Earmpka, rPeamYdPﬁf@’emﬂaa@ &El 9T and

Cor BHRERE T 51 R I VOhFRRAEGE) LoD Gty L Eoup
thr gg{‘n%':!(ytj. r136I o £919 %éo%nsaEg)ndg;Lg[:bgfgc &%ehav1ng

follTTowmng Teaction ornu
3 to 10 carbon atoms or an aralkyl group having € to 10

carbon atoms, and Ar3.may be the same as or different
10 from Ar! and Ar?, and represents an aromatic group
having 5 to 30 carbon atoms. Examples of such R’ are
groups listed above as R}, and examples of Ar’ are those
listed above as Ar’.
Examples of alkylaryl carbonates containing
15 such R® and Ar® are those listed above as in the formula
(2). Of these alkylaryl carbonates, those whose R® has
an alkyl group having 1 to 6 carbon atoms and Ar?® is an
aromatic group having 6 to 10 carbon atoms are
preferably used. R® is more preferably an n-butyl
20 group, an iscbutyl group or a linear or branched alkyl
group having 5 to 6 carbon atoms in which the carbon
atom at the o position of oxygen is secondary carbon (-

CHz-). Particularly preferred are butyl phenyl



20 (E6) by conbining the reaction represented by the
reaction fornmula (El) and the reaction represented by
the reaction forrmula (E4), and this is a particularly
preferred enbodi nent of the present invention. 28 2
ROIIOR + 2 ArOH 2 ROCOAr #& ROH (E5) O 2 ROCOAr
ArOCOAr + ROCOR (E6) O When dial kyl carbonate

pr otrkehags andy (prefducibuty 1 hehergk t¢afPoRdsPesent ed
by the reacti reused :as

mat eri al of Fﬁ% réééﬁﬁ?§m$%EngegﬁﬁT%ﬁfkﬁ? gl?eac i on
fOf{aT%aeaqn@)fma Bndt o AnBEuti QI OONA Br3fdefenol es

atic alc pro uced from1 nole of
di ahdﬁydhy%&ro&gmabﬁpo@m prelseatell by @eominala (3), an
nmonohydr oxy conpound. In the above-described reaction
b or il Ar53) cawhenaﬁb|Eﬁpn§@EeGBéderthﬁerﬁmw}B (4) and

i so-butyl and an aIkyI gr oaup 10 having 5 to carb €
at oENETITA SBEFBOL py -ProdgchodaPto Hﬁifepﬁengﬁ% ton

boi o nt. in_the Ctl f.qr

aze%) ctlﬁgd?ﬂli n?‘?‘i)tar %%5?8%{7\%%{:%% agogg‘ég?ant

Thi éaﬁ?o?r?at'esmﬁﬁﬁhk&l“ﬁhéh %@&(@B&QSE%@&&G@U%@ Ebgct a
reacti on proceeds efficientl y 15 and easily produces

di phead impamaaeai &l Wid ha ireagnant npor tlantpremengeat ef i al
of polycarbonate and isocyanate. The netal - containi ng
10 atm¢ yak-appd@ inang h@atmkmﬁwpnﬁeéhm o Hess the

speci fic netal - cont |n|n | faciy
¢ her 235 idtih Ot fiBa RS ST YRk M ) 30 (kY o

1 1 1
R'OCOR' | patoy ———= ROGOA™ ooy E1

1

1
RPOCOA? , pdon ATOCOA? | 2, (E2)

R'OCOR! RPOCOAP ————— R'OCOA® | R'OCOR® .
* _ , (E3)

RZG(.I':OArz + RYcoar’ AOGOAr , ROGOR (4
J
(In the formulas, RY, R?, R}, Ar!, Ar? and Ar®
are as defined above; in the reaction formula (E4), Ar
independently represents Ar’ or Ar’ and R independently
15 represents R? or R®; when R?=R® and Ar®=Ar’ in the
reaction formula (E4), the reaction is an

transesterification between the same kind of molecules,




20 of the reaction formulas (El) to (E4), has a

nol ecul ar wei ght of 450 or nore, nore preferably a
nol ecul ar wei ght of 480 or nore, and is in the form
of liquid (under the above-described reaction
conditions) or 29 dissolvedin the liquid phase of
the reaction system ' The netal -containing catalyst is
pr efferraiglfy , atrineghwiphenodt dand nis oo khereehi ai ni ng

titani um Exanpl es. of referred titanium contajni
CorRARRIS PN LPRRS br (ATST 1GOTPER HIGHRI + RERY1PhenS
aboye- i.bed j,0n hid 0 Is din
Che TG ara s e e FERRT RO and 38Rtk

or gAY, | baegramlaomgal t 58fe 84/ fhe%of) _

pol yorthotitanate and condensed orthotitanate. It is
pr edertited phkeadlt hendrigaomer spohgted fnoxertdyilashyl phernsk
10 one al koxy group and/or aryloxy group as an organic
gr olgnd \Pﬁ@ﬁ\eﬂfﬁetwwf)ooﬁleé?’ﬁiﬁﬁ Rhepeyl j(gng isomers

ot SR ai AEROOEBLIYE RAOFnd e ey aPEetar e al
e | Ve pPEss
carSySitedipPeny, (BT A-RRCrSTERE AR PehEpipinole

one(dml aGwnersMOherds Bf emalyypRehiol 6(akd dlsemgrsn one
nol ecul e. When the netal -containing catal yst contains
10 othemsod ) Tiandt oyslohexyighenbéclbrd ismmeg@nmpybendcobD:
contains at |east one Ti-OTi bond jn one nol ecule.
Vheht Ry PiRenal s cBRERi 4 My TERrdPYeTOLolRTE ASOBATS) ¢
Contt.haelrnes t aln aSEhér;}é)['Sp earztoqnﬁangxﬁggxl'\eexss chheﬁrlé‘fb'%);
conmpounds ‘i nclhudé al -
substituted phenols represented by the formula (10):

O3

(10)

(wherein A is a group as defined above);

15 naphthol (and isomers theieof} and substituted

naphthols; and monohydroxy heterocaromatic compounds
such as hydroxypyridine {and iscmers thereof),
hydroxycoumarin {(and isomers thereof} and
hydroxyquinoline (and isomers thereof) . Of these

20 aromatic mono hydroxy compounds, aromatic mono hydroxy

compounds whose Ar! is an aromatic group having 6 to 10

carbon atoms are preferred in the present invention,




contai ning catalysts represented by the following 25
formulas (11), (12) and (13), titanate oligoners
containing at | east one titanoxane structure (Ti-OTi
bond) (e.g., titanium conpounds represented by the
following formula (14)) in gme nolecule and tin 30
conpounds represented by the followng fornmula (15).
Si nebichenab@lsodbecgenerhikt alefesnedi ¥ Ap @at al yst s
are easily associated, they may be in the formof a

monSHBPTORQT tonatdgR; 182k ¥W ™ or an adduct or an 5
df
associ at e %@n\’\" Fglfﬁ{hoqlt ‘?:Iea%@ 8he"B¢ I&J]%uc t

compound. These€ ca onen S may be a

of pipAC{EON Wkl aﬂdOtmmébdaQaﬂagnaopﬁmer@tuoa ble
reaction system e.g., aliphatic alcohols, an aromatic

10 Nohy dpvgerco ipoentdson al dnd anylatcaebanatms dicilxyntl 10
carbonat es or di al Ir% car bonat es, may be heated in
thecaﬁbm@resamva viary C@rrbé’nﬁFSEUB?Y o7¢ dtead aehe

The tit, d
¥§‘E‘° aq)fwéf%ﬁ' FPERS RPLEoEE feagl vBS
* oﬁ?a Bukd Edtbodls %arraikﬂagmu RrbBndtes
15 p eny group te

nds to form an adduct particularly

W t hapnbanoiet iae kgdetxytgonpound. The structure of

t he adduct is unknown by the present analyti_cal

u9et hods, but X lmasst fucviieh R pREemrsd Mpy=AtieAr in the
following fornmula has a nol ecul ar vve ht of 450 or

rmréra%?%t%deéFéPﬁbF?P‘éeﬁﬁﬂt@@uPé’r i grAcHrederaria

e P e bR A e S P it

”Dl@QHBSﬁaﬁé“ﬁ¥é’%@thﬂné@@by an transesterification of the
same kind of moclecules of one alkylaryl carbonate.

15 Further, when R'=R®*:R’=R and Ar'=Ar’=Ar’=Ar in the
reaction formulas (El1) and (E4), diaryl carbonate is
obtained from dialkyl carbonate and an aromatic
monohydroxy compound through alkylaryl carbonate as
described in the following reaction formulas (ES) and

20 (E6) by combining the reactioﬁ represented by the
reaction formula (El) and the reaction represented by
the reaction formula (E4), and this is a particularly

preferred embodiment of the present invention.



formati on of an adduct may be identified by a nethod
such as NVR, or the aromatic hydroxy conpound i nvol ved
25 in the formation of an adduct may be renoved by a
known nethod (e.g., recrystallization using solvent
described in J. Indian. Chggn Soc., vol. 38, No. 3,
147-152 (1961)). 31 R10 Re R11 X1 R8 R12 R35 R26
R27 R13 R14 R34 R28 R25 0O-Ti-0R15 tori@é (c) Ras R24

R23 O ?ﬁ 3 BB ——Raw RACCRNI1: ,@tmoH R20 (E5)
In the formula (11}, , RO, R'0, R',
R12 R 3 4 R15, R16, R17, R18, Rl R20, R21, R22,

R23, R24, R25, Rea and R27 independ b a
hydr ogenRREGA an  al kylzgrmmm=an ﬁil ?gﬁgﬁgr arf{ES)
aryl groupd X1 and 5 X2 represent an gl kyl gro an

aral kyl group or an aryl group; Re, R9, R10, R11,

R12, R13, R14, R15, R16, R17, R o, R19, R20, R21

R22, R23, Rzzt’heRzélaHz:sl ARFLRPPLEr BrARced as a by-

PRS0 DYSLORED ALy AU | Sl

10 Qgﬂk@la RE%) RROref8Oa B Bi2maBesiaR¥E and R3S
reaction represented by the reaction formula (E5), 1

5 mole of diaryl carbonate and 2 moles of aliphatic
alcohol are produced from 1 mole Qf dialkyl carbonate
and 2 moles of an aromatic monohydroxy compound. In
the above-described reaction formula (E5), when R is
selected from n-butyl, isc-butyl and an alkyl group

10 having 5 to 6 carbon atoms and Ar=CgHs, by-product
alcohol has the lowest boiling point in the reaction
system and forms no azeotrope with dialkyl carbonate
which is a reactant. This case is particularly
advantageous because the reaction proceeds efficiently

15 and easily produces diphenyl carbonate which is an
important raw material of polycarbonate énd isocyanate.

The metal-containing catalyst used in the

present invention means a specific metal-containing
catalyst which facilitates the aforementioned reactions

20 of the reaction formulas (El) to (E4), has a molecular
weight of 450 or more, more preferably a molecular
weight of 480 or more, and is in the form of liquid

{(under the above-described reaction conditions) or




coval ently bonded within the range that the nolecul ar
wei ght is 450 or nore, and nore preferably 480 or
nore) (In the formula (12), R28, R29, R30, R31, R32,
R33, R34 and R35 independently represent a hydrogen
atom 15 an al kyl group, aggaral kyl group or an aryl
group; X1 and X2 represent an al kyl group, an aral kyl
gr odpsaswivesh in tRe 2bquid ywhageoof; the reashionvsygtew;

R29, Rao , R31 , R 32 33 32 and ,X2 are
an The| MeHE lyoRE26P1RS AYALYSg 66pP¥eRg&’iab>§ﬁ(42‘ \tlﬁanf‘u‘“

O Bl RLO RAC a8 B0 1Y) Ll Buili. | SLlMMEA L3}

| ndgpersientd ¥ it eRk BRCAbntn MO GORpBLARE 116 tHe Fokil of
group, an aral kyl group or an aryl group, at l|least two

ef Lbguidnmder ahel kybverdegrribednreaytiograupitdeds or
these R36 to R43 naé be bonded with each other.) OR5B
OR59issEBEdriinORb? REGT J'i Pheme0 ofRbhe f TepTREDR EWsLem

include organopolytitanoxane composition such as

polyorthotitanate and condensed orthotiténate. It is
preferred that the organic polytitanoxane has at least

10 one alkoxy group and/or aryloxy group as an organic
group.

When the metal-containing catalyst is a
metal-containing catalyst containing titanium and/or a
metal-containing catalyst having a vapor pressure at

15 230°C of 10 Pa or lower and containing titanium, the
catalyst preferably contains at least two Ti atoms in
one molecule, more preferably 2 to 6 Ti atoms in one
molecule. When the metal-containing catalyst contains
2 or more Ti atoms in one molecule, the compound

20 contains at least one Ti-O0-Ti bond in one molecule.
When the metal-containing catalyst contains 8n, it
containg at least 3 Sn atoms.

Examples of such compounds inciude métal~
containing catalysts represented by the following

25 formulas (11), {(12) and (13}, titanate oligomers
containing at least one titanoxane structure (Ti-O-Ti
bond) (e.g., titanium compounds represented by the

following formula (14)) in one molecule and tin




R530-Ti-O (Ti 0)--- Ti-OHTi-O-Ti-OR45 e C OR52 OR51

0 OR47 OR46 R500-4i-0R48 b OR4A9 (14) (In the
fornmula (14), R44, R45, R46, R47, Roe, 10 R49, RS0,
R51, R52, R53, R54, R55, R56, R57, R58, R59, R60 and
33 R61 independently represgent a hydrogen atom an
al kyl group, an aral kyl group, an aryl ‘group or an
acytompmuds, represented by tied Epllpwbpe lp (15).
represent an _integer of O to 4, and R94, R4 4
Sg;?lﬁﬁa,ﬂmg}mﬁ% e%cﬁ%%gftﬁéec?%‘?’%‘é’%étﬁ?‘fg%&

o) rs 4
eac r?nﬁ?%}ggbggéng #%fbéﬁﬁ%hﬁ?y é%zlé%£§%é§§faRg$C%Sn
O Hofdmdt, OR83 a8 absbe I l£drRd OROdn dddict( oz &he
formula (15), R62 is an al kyl group, an aral kyl group
6r assadidtegy dopmhavthgglaolnoreancardnat ia GysrorRB3,
R64, R65, R66 and R67 independently 10 represent a

hy deemeennst o mTheReaF kYR L s FOMRANERETF BAY R§r Suprognct
aryéfgéofggégionnwggxlagré¥5§nf% E%R%géﬁgtﬁiégént in the

reaction system, e.g., aliphatic alcchols, an aromatic

monohydroxy compounds, alkylaryl carbonates, diaryl

10 carbonates or dialkyl carbonates, or may be heated in
the form of a raw material or a product prior to the
reaction. The titanium compound represented by the
formula (11) and/or the formula (14) (e.g., when R* to
R®! in the forﬁula (14) are arcmatic groups (e.g.,

15 phenyl group)) tends to form an adduct paiticularly
with an aromatic hydroxy compound. The structure of
the adduct is unknown by the present analytical
methods, but the structure represented by the following
formula has a molecular weight of 450 or more, more

20 preferably a molecular weight of 480 or more, excluding

the molecular weight of the molecules involved in the
formation of an adduct. Such molecules involved in the
formation of an adduct may be identified by a method
such as NMR, or the aromatic hydroxy compound involved

25 in the formation of an adduct may be removed by a known
method (e.g., recrystallization using solvent described
in J. Indian. Chem. Soc., Vol. 38, No. 3, 147-152

(1961)) .




integer of 1 or nore, and R63, R64, R65, R66 and R67
in the formula (15) each may be coval ently bonded.)
Exanpl es of al kyl groups represented by R8 to 15 R61
i nclude linear or cyclic alkyl groups having | to 10
carbon atoms, such as a netByl group, an ethyl group,
a propyl group (and isoners thereof), a butyl group
(and isoners thereof), a pentyl group (and isoners

t hereof), R group (and isoners thereof), a
heptyl group RBQAapR'i soners thereof), an octyl group
(and isoners a nonyl group é i soners

t her eof ), 3 R%s(:thereof) a

C
ﬁhereof) an et hgayeth
of ), a nethoxypr opyl
i soners therga aR'e et hoxypropyl group (ano '
thereof), a netgoexybutyl group (and isomers X&ereof)
and an 10 et hoxybutyl group (and isoners thereof).
Exanpl es of aral kyl groups represented by R8 to R61
i ncl ude aral kyl groups having 7 to 12 carbon atons
whi ch may have @dubstituent, such as a bkhzyl group
and a phenyl et hyl group. 15 Exanples of aryl groups
represented by R8 to R61 include phenyl or
al kyl phenyl g0y %IZH‘EHufa? pple,nyIR,s ﬁsol )ého (Q{md |Rsmnq{15
t her eof), xylf] and i soner

RN, R15’ RlG, R”, R18, R19' R20, R21’ RZZ' R23, R24’ RZS, R26

(and isonmers t

and R?’ independently represent a hydrogen atom, an
alkyl group, an aralkyl group or an aryl group, X; and

5 X, represent an alkyl group, an aralkyl group or an aryl
group; R®, R, ‘Rla" R, R¥?, R, RY, RS, R, RY, R,
R'?, R, R?, R??, R?®, R*, R®, R? and R?’ are not
simultaneously a hydrogen atom, and at least four of
them are an alkyl group, an aralkyl group or an aryl

10 group; R%®, R*®, R*, R®, R¥, R*, R™ and R* may be
covalently bonded within the range that the molecular
weight is 450 or more, and mocre preferably 480 or more)

(In the formula (12), R?®, R?®, R¥, R*, R%,

R*, R* and R independently represent a hydrogen atom,

15 an alkyl group, an aralkyl group or aﬁ aryl group; X
and X; represent an alkyl group, an aralkyl group and an

aryl group; at least two of R?®, R?®, rR¥, r¥, rR¥, R,




t hereof), trimethyl phenyl (and isoners thereof),

t et ranet hyl phenyl (and isoners thereof), ethyl phenyl
20 (and isoners thereof), propyl phenyl (and isoners

t hereof), butyl phenyl (and isoners thereof),

di et hyi phenyl (and isoners shereof), methylethyl phenyl
(and |soners t hereof), pentyl phenyl (and isoners

t heREof )? .héxﬁ%éhyﬁ%a&fd dradieyd s IERBP e¥F )2 AF Y25
cyclohexylphenyl (and isomers thereof); al koxyphenyl
gr o8pSURBukh as met hoxyphenyl (and isoners thereof),

et hoxyphenyl (and isonmers thereof) and butoxyphenyl
(and i somers thereof); halogenated phenyl groups such
35 as fluorophenyl (andR|SO' rs thereof) _

chl orophenyl (and g1 nophenyl (and
i soners thereof), (and isoners
thereof) and dichlorag i s s-Rfher eof ) ;
substituted 5 phenyk#g
following formula (16):} R _represents a
bond, a dival ent group ch as and
-S2-, an al kyl ene group or a su~st|hgﬂed al kyl ene
group represented by the following 10 (17) or a
cycl oal kyl ene group representlej by the follow ng
(18), and an aromatic ring nmay be substituted by a

| ower al kyl group, a lower al koxy group, an ester
group, a hydrox roup, a. ni grgyp,aa abo B 4oa
cyano group),”l% %ﬁ6§ OFFgla SRS % 5, %

R*, R*? and R*® independently represent a hydrogen atom,

x

5 an alkyl group, an aralkyl group or an aryl group, at
least two of them are an aralkyl group or an aryl

group, and these R*® to R*’ may be bonded with each

other.)
/?558 ORSS
R¥0—Ti—OR® R%0-Ti-OR®
?R.'H \?/ ¢ _ OR61 ?RM
RS30—Ti—O—~LTi fri——o}—(nm—o Ti—OR?S
e WLI o M )a_l
ORSZ OR51 o) 7 OR“
Ftsﬂo-—-~~»1li-~~~t;o|r<4l3
0R49
(14)

" (In the formula (14), R*, R*, R', R, R%,

10 R49, R5O, R51, RSZI R53, R54’ RSS’ RSG’ R&'?' RSB’ ng, RGD and




R69 R69 R71 (17) 15 (wherein R68, R69, R7 and R71 are
each independently a hydrogen atom a | ower al kyl
group, a cycloal kyl group, an aryl group or an

aral kyl group, which may be 36 optionally substituted
by a hal ogen atomor an al kegzy group), and H2)m (18)
(mhegeln mis an integer of 3 to 11 and a hydrogen

at ofn nrayeb@n@%m@m tHePEE SBYT a2 | RO ggink gL oG r odfp, a1y L
ary rou al ogen ato apht hyl (and i soners
theséa'ﬂ? S o o B, 2vdr GAPUPSGR i @eY
h ng i so ts

i R PO Pty (S ey SHEeBRlpRCLY yeprasent, an
(angnt sge®Erse tdﬂ%eqf ) andregHpxytiaphtthyR’( artf,i abhers’, 10
t hereof ) and cyanonaphthyl (and isoners thereof),1 and
Substh,t 8t%d Rt BALuREti tRIf e R*NetREF oaR°GmeRT cand Arfpsin the
such as_ pyridine %and i somers thereof), cumaryl (‘and
i sofBFauLE hihddorpc qﬂ}Pho‘P‘EIICC(VMntééﬁnE?%dﬂre’r eof ),
met hyl pyridyl (and isoners thereof), chloropyridyl
(and isomers 15 thereof), methylcumaryl (and isoners

t hereof) and nEthqu molyl, and is s thereof).

The aryl group repres nted by to al so be a
hydr oxy substi Eg %} gﬂ
by the foIIOMAhgh Ia 19) (

S gesent ed
I—I)q 19)

OR®%6 0.R65 OR%4

(15)

(In the formula (15), R®? is an alkyl group,
an aralkyl group or an aryl group having 4 or mcre
carbon atoms, R®, R%, R®, R®® and RY’ independently

10 represent a hydrogen atom, an alkyl group, an aralkyl
group, an aryl group or an acyl group, ¢ represents an
integer of 1 or more, and R®}, R%, R®, R®® and R¥ in the
formula (15) eaéh may be covalently bonded.)

Examples of alkyl groups represented by R® to

15 R® include linear or cyclic alkyl groups having 1 to 10
carbon atoms, such as a methyl group, an ethyl group, a
propyl group {(and isomers thereof), a butyl group (and
isomers thereof), a pentyl group (and isomers thereof),
a hexyl group (and isomers thereof), a heptyl group

20 (and isomers thereof), an octyl group (and isomers

thereof), a nonyl group (and isomers thereof)}, a decyl



20 (wherein Ar4 represent an aromatic group having a
37 wvalence of n, nis an integer of 2 or nore, and
each - OH group nay be bonded to any position of Ar4).
The residue of the aromatic pol yhydroxy conpound is
represented by the follow ng formula (20) 5 and is
chem cal ly bonded to at | east one nenber, selected

fr ogwaure (@ndupscoess sthiengasd , rat aycebumtlaigroup. a
cont ai ni ng catal yst, an_gl koxycarbonyl_group _ derived

f r oF S RRFY Lc SRR at &b L B9 'P&F’Wr%%fr)b&ﬂ’gt & an

aryl o ar.banyl coup. derj f Y| amyl..car bonat e
10 of° ﬁla?r Iq' gg?géngﬁgg'#gﬁgqga?ggﬁy %‘ro%"&gri ved
frofandi @iy anabbREAtKond iyl alb €sehONaALRGOExEPIys
carbonate, --(On-Ar4-(OHn-p (20) (wherein Ard and n
8r etlasrgtesS dinichade ad avet hagxyieshgd  grotegemdfisbmeyem

and an -OH group and an -0- group 15 may be bonded _to
anytheesaflon asf ethexygtgngt igFoMpPn§apd igguprs therfpfhs 2

of Ar4 in the fornmula (19) .and (20 i ncl.ude_aromatic
gr o%%é‘?’%’aré’gé’ﬁn gHOW { fl&°f"8§xf néhmf%?érm 2 (21),

22 4 i . | a(22) 38
gv\h%?rél’é;p&pi@é érg‘lgﬂgF%;abolr#éagi é%%lé?ﬁé)él ka§/l e%e gr oup
havhgehdxyutyd gaetpn(Aidnksciera thepeef)t aidoap

selected from-0-, -CO, -S-, -S2-, -SO and -C0OO);
10 ethoxybutyl group (and isomers thereof).

Examples of aralkyl groups represented by R®
to R®! include aralkyl groups having 7 to 12 carbon
atoms which may have a substituent, such as a benzyl
group and a phenylethyl group.

15 Examples of aryl groups represented by R® to
R®' include phenyl or alkylphenyl groups such as phenyl,
tolyl (and isomers thereof), xylyl (and isomers
thereof), trimethylphenyl (and isomers thereof),
tetramethylphenyl (and isomers therecf), ethylphenyl

20 {(and isomers thereof), propylphenyl (and isomers
thereof), butylphenyl (and isomers thereof),
diethylphenyl (and isomers thereof)}, methylethylphenyl
(and isomers thereof), pentylphenyl (and isomers
thereof), hexylphenyl (and isomers,thereof) and

25 c¢yclohexylphenyl (and isomers thereof); alkoxyphenyl
groups such as methoxyphenyl (and isomers thereof),
ethoxyphenyl (and isomers thereof) and butoxyphenyl

(and isomers thereof); halogenated phenyl groups such




(23) (wherein QL is as defined above and each QL may
be the 5 same or different); and (24) (wherein @
represents a tri-valent group such as a tri- val ent

al kanetriyl group having 1 to 30 carbon atons or a
tri-valent aromatic group; 3 | east one hydrogen atom
on an aromatic ring may be substituted by another 10
subselflmwmoﬁhﬁﬂylasaadha$qgﬁﬁ$ émGWPoﬁhra$mkﬁaPRhQ&¥é
haV|ng 1 to 30 carbon atons phenyl henoxy

8 ity

gro&ﬁ“ 31%‘?%‘15 SPEaROch: cyEeRPRiERNY, (af roup,
28
N

hydgeﬁyab&war&[ﬁm hSQERE slgmz%ofthereefhydéwwh@wa
(and isonmers thereof) tri hydroxyphenyl (and isoners

tshephehyl duyslipex Hephpbehtad by aier Soblohwbngofdrmula
hydr oxyxylyl (and isonmers thereof), [1-
(hydiéxyphenyl) - 1- met hyl - et hyl ] - phenyl (and isoners
t hereof), [4-(hydroxybenzyl)]-phenyl (and isoners

t hereof), (hydroxy- phenoxy) phenyl (and isoners

t hereof), hydroxybenzoyj=pRenyl L&nd, i soners thereof),
10 hydr oxybi phenyl (ang BS- bof ), 2-

(hydr oxyphenyl ) - hydr oxypropy!l - phe o tri-

(hydr oxyphenyl ) - phenyl (and isoners thereof),

hydr oxynapht hyl (and i soners{(fereof) and

tri hydroxynapht hyl (and i sonmers thereof).

{wherein B represents a bond, a divalent group such as
-0~-, -S8-, -CO- and -S0;-, an alkylene group or a
substituted alkylene group'represented by the following
10 (17) or a cycloalkylene group represented by the
following (18), and an aromatic ring may be substituted
by a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen or a

cyano group),

RBB . RG& RTO
+ | |
RE® FLBQ R7t
(17)

15 (wherein R®®, R®®, R’ and R™ are each independently a
hydrogen atom, a lower alkyl group, a cyclocalkyl group,

an aryl group or an aralkyl group, which may be



15 Exanpl es of acyl groups include acyl groups
represented by the following formula (26): Ar5-if----
(26) (wherein Ar5 represents an aromatic group).
Exanpl es of aromatic group represented by Ar5 include
phenyl or al kyl phenyl groupss such as phenyl, 20 tolyl
(and isonmers thereof), xylyl (and isoners thereofL,

t ri omtinrdadianygubebhtutebhst @ hadpgen)atom or an alkoxy
tetranet hyl phenyl (and isoners thereof), ethyl phenyl
(an¥FPeRme@@% her eof ), propyl phenyl (and i somers

t hereof), butyl phenyl (and isoners thereof), 40

di et hyl phenyl (and isoners of ), nethyl et hyl phenyl
(and isoners thereof), %ﬁnd I somers

t hereof), hexyl phenyl ~takd i someré t'lereof) and

cycl ohexyl phenyl (and iso hereof); al koxyphenyl
5 groups such as met hoxyphenyl (and isomers thereof),
et hoxyphenyl (and isoners tHéBéof) and but oxyphenyl
(and isomers thereof); hal ogenated phenyl groups such
as fluorophenyl (and isoners thereof), chlorophenyl

(anf ASAUE] 1 HICBROLNcoOTDCRY 1 (2t | £ U5 avo
the?g%§ , c%}ggo%ﬁe§ﬁ§? ﬁﬁenyl (and isomers thePeof?
andmgy chd anaphanukedapd 4 Skuwrs alRgl egigumndhn aryl
substituted phenyl groups represented by the

af ogeommtenreedafloganl akont)16), (19) and (20). Exanpl es

f such acyl i ncl ude a 15 b | ,
pht REPBIYr Gl 14SPRFRHISEAY I GRBRRLCHTR JBA-E))

groggbups such as methylnaphthyl (and isomers thereof),

dimethylnaphthyl (and isomers therecof), chloronaphthyl
(and isomers therecf), methoxynaphthyl (and isomers

10 thereof) and cyanonaphthyl (and isomers thereof}; and
substitutéd or unsubstituted hetercaromatic groups such
as pyridine (and isomers thereof), cumaryl (and isomers
thereof), quinolyl (and isomers thereof), methylpyridyl
(and isomers thereof), chloropyridyl (and isomers

15 thereof), methylcumaryl (and isomers thereof) and
methylquinolyl {(and isomers thereof).

The aryl group represented by R? to R® may

alsc be a hydroxy substituted aryl group which is

represented by the following formula (19):

Ar*—(OH), (19)

20 (wherein Ar® represent an aromatic group having a




The sane ki nds of groups as those selected fromR,
R2, R3, Arl, Ar 2 and Ar 3 of the starting naterial
and/or the reactant are preferred as the 20 groups of
R44 - R61 because kinds of products can be reduced.
In case of the conpound repyesented by formula (11),
they are Ra- R27 when the nol ecul ar weight of the
conpolattd 91450 orismate,indegemppé 2 RRMOTen| pR4e826h -
more. | n case of the coppound 25 r%glrlesegt idg y
f or PRI QUParay e B 6r BRALPOSREOHE el ected so

that the nol geul ?é?n“./\@ﬁ%lrl{/f }@St Q?oﬁggpcow yFlréﬁQf or

i
nore, and nore prefera or nore. Exgr?p es 0
al KYbmE1PS s eppesssriest Iy 88 ESL Adwiddedrmumul 20)
(15) include a linear or cyclic alkyl group having 4
650 Afid ciar whermdtebby sumideats ta bot yeagr o emderi soners
thereof), a enthgl group (and isoners thereof?n, a
hex§®legtesh frandthe oddeup 1e@edstind ohdintal stghghal-
(and isonmers thereof), an tyl grou [
{ her BT Pt SALP TBT bU N0 THYSREPERYh oy SHEEVE
dec r nd_i ?ﬂrgg r- , sadley! an
ar o%%?@aﬁc%gﬁgpgﬁ%é gr%uépy%éﬁg&%g%ﬁe%slgther eof) and
a gyl eherboayUpréar tid seer $rbhesBlof)arylhesebdfate
contai ning an ether bond are al so useful, and exanples
10hereodidamdl waebanabe hand et Mpirbgnplipayerl degdifeds from
t hereof ), an ethoxyethyl group %’ggd i soners, t hereof),
a @it w&ypaaﬁouﬁf‘f%ﬂ%g ene bR rPoriat
et hog(é(kg)rr?%;c\/l group (and isoners thereof), a 15
rretﬁoxy%u yﬁ’ group (and isoners thereof) and an

—(O)~Ar*—(OH)pp  (20)

(wherein Ar! and n are as described above, p is an
integer of 1 to m, and an -OH group and an =-0- group
15 may be bonded to any position of the arcmatic ring of
Ar?).
Examples of Ar' in the formula (19) and (20)
include aromatic groups represented by the following

formulas (21), (22), (23), (24) and (25):

7N\ (21)




et hoxybutyl group (and isoners thereof). Exanples of
aral kyl groups represented by R62 include aralkyl
groups having 7 to 12 carbon atons which nmay have a
substituent, such as a benzyl group 20 and a
phenyl et hyl group. Exanpl esz3@f aryl groups represented
by R62 include phenyl or al kyl phenyl groups such as
phetwhereirolQ)| i$ amdsirgdebonthed edivalong plkybere group
i somers thereof), trinethyl phenyl (and isoners

t hehf26fy9 Lgo d0r ﬁﬁﬁ??&lﬁ-{%‘%lw( andlYabir 508 eof ),

et hyl phen and.i sonetrs thereokh,_ propyl nyhadand
iso%r%fr)escic%%efrr%g‘f)? bu[@é p’he%l’ (gé 'i sg%ér gntgheér:%é)f g
di et hyl phenyl (and isonmers thereof), nethylethyl phenyl
42 (and isoners_thereof), pentyl pheny and i soners

t hereof), hexyl
cycl ohexyl pherms KOXyphenyl
groups such as hetfoxyphen or/ t her eof ) (28)
et hoxyphenyl (and isomers thereof) and butoxyphenyl
(and isonmers thereof); hal ogenated phenyl groups such
as f(wgfé)ﬁwwgs(é@dgé QI abbbsrﬁme Shioprephey lehe
(and 1somers thereof), bronopheny anéilsoners

sheggaé ) or il fFFegerel hydagphenyl (and isoners thereof)
10 and di chl orophenyl (and isomers thereof). Exanples
of R63 to R67 in the formula (15) include al kyl
groups, aral kyl groups and 3 Jgroups |isted above
as exanples of RBto R61 Th ki nds of groups as

t hose sel ected

(24)

(wherein Q? represents a tri-valent group such as a tri-
valent alkanetriyl group having 1 to 30 carbon atoms or
a tri-valent aromatic group; at least one hydrogen atom
on an aromatic ring may be substituted by another

10 substituent such as a halogen atom, an alkoxy group
having 1 to 30 carbon atoms, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester group, an

amide group or a nitro group).

__l_.. . (25)




15 fromRl, R2, R3, Arl, Ar 2 and Ar 3 of the starting
materi al and/or the reactant are preferred because

ki nds of products can be reduced. Exanpl es of
conmpounds represented by the formula (11) include
titani um nmet hyl phenoxi de: 28 Ti (OPhMe) 4 and titani um
di met hyl phenoxi de: Ti (OPh(Me) 2)4 The conpound
represent ed Byambkes qrfmsiugh( hyjiromassubsiditased 8y

of 4, and the conpound y contain ., al.cohol . or
ar GHEAIRS 4PCIHOF BESEOTYRISRIL (APfct FihoEnaEeot)

al cohol ate o n . CcO

For sl BheRUE LR Gasn Rt EF- S TRIAGER cRlph iR
for P isokblks Rerébf) ,e%yafi_@xyta_lgﬁ @rfd @sofnéf}
Exanpl es of conpounds represented by the formula (13)
b ncthustee ¢ti)t, ahiydredysal v Ic ylaatie i stine ami thereasifsd ( 2-{ ket hyl
salicylate) and titaniun}bzégs-nﬁthyI,5 saljicyl ate).

O thednaxyphienin tohtes g etorpdbupRnY lhin(ang J3AME:

A 18 SRR R BLERREy Y T3t ot
thereof), (hydroxy-phenoxy)-phenyl (and isomers

_ thereof), hydroxybenzoyl-phenyl (and isomers thereof),

10 hydroxybiphenyl (and isomers thereof), 2-
(hydroxyphenyl) -hydroxypropyl-phenyl, tri-
(hydroxyphenyl) -phenyl (and isomers thereof),
hydroxynaphthyl (and isomers thereof) and
trihydroxynaphthyl (and isomers thereof).

15 Examples of acyl groups include acyl groups

represented by the following formula (26);

ATS‘—'C"‘“‘""‘ (26)

o)

(wherein Ar® represents an aromatic group).
Examples_of aromatic group represented by Ar®
include phenyl or alkylphenyl groups such as phenyl,
20 tolyl (and isomers thereof), xylyl (and isomers
thereof), trimethylphenyl (and isomers thereof),
tetramethylphenyl (and isomers thereof), ethylphenyl

(and isomers thereof), propylphenyl {and isomers

thereof), butylphenyl (and isomers thereof),




met hod in which titanium al koxide is partially 10
hydr ol yzed and subj ected to pol ycorndensati on while
renmovi ng al cohol (e.g., Journal of Polymer Science,
vol. VIl, No. 6, 591-602). Exanples of such

pol yti tanoxane conpositions4a@l so include | adder

pol ytitanoxane obtai ned by the nethod described in JP

15 Alethybmienydndasgciremers fhersné) obherele iy lphenyl
met hod . described in - A-1-31793 P-A-1-52786 and
T Read. £5ns haroell : Rantiabhshuty LERd FEMERR ! her
nmet i ' 0 [ in

T BoePedf dRRdbReRgt tnd MGoRERRTERCESSE) el
copel¥i bh&RAX PHRnPAVi(BHd 21 SYme ¥y €hepe6f Bf adllkoxdphendl
5 nore preferably 4 to 6 Ti atons in a nolecule is

Br efeoaps ysurdechs Tieebexpohenyl daodanecners thereof),
copol yti oxane may contain at least gne Ti-O.Ti bond

t
in 8§t 3£*Qﬁrafl Ao BAmerm Sherecsy FRdRUEORREEYs

extrenely difficult searchers.,i ' [ 0
cons Paer y?%ﬁrsa%%ﬁ-r &° %’F s 9= %Ttg rgnégél\?%{e r?e)%?q"tpragn }QH#R
al kgyi geydesaidhad (aRaY Ssdme AAMtHeaEbY ) NYEh DdnzAdngnd
subj ected to pol'ycondensation with renoving al cohol,
and (athe pseserd theveof) prbedmpienlyllovand hisoreemgunent .
Specifically, as shown in the following fornula-(28),

105 shergpf)o- TWhissedmeshybrphenydy (9adt Lapngrhydesepsi ng
L1t sl kon 00k B g one Pl e © o
and gL BED; ¢ §EIP HHU v VG B9 & Sl i s¥h e 8hCBP L ne
aforementioned formulas (16), (19) and (20).
Examples of such acyl groups include a
15 benzoyl group, a phthaloyl group, a terephthaloyl group
and a salicyl group.

The same kinds of groups as those selected
froﬁ R*, R?, R®, Ar!, Ar® and Ar’ of the starting
material and/or the reactant are preferred as the

20 groups of R** ~ R* because kinds of products can be
reduced. In case of the compound represented by
formula (11), they are R® ~ R*’ when the molecular
weight of the compound is 450 or more, and more
preferably 480 or more. In case of the compound

25 represented by formula (14), the groups of R** ~ R®! are
selected so that the molecular weight of the compound
is 450 or more, and more preferably 480 or more.

Examples of alkyl groups represented by R*? in



Further, in the case of a oligonerization 20 reaction,
pol ytitanoxane having a few Ti-O Ti "bonds in a

nol ecul e can be obtai ned by addi ng water in an anpunt
suitable for the oligonerization degree and renoving
produced al cohol. In order 4p obtain a titanium
conpound containing 2 to 6 Ti atoms in a nolecule,

t et thel fasmyplia dﬁﬁbmn%llp%ﬁ 4 a’HlWaﬁyaF oFYlF @;}%t SFWP

not nor

rﬁl SRy t4oetﬂ &t Sﬁﬁgolbraetfoé‘lsaﬁl"ﬁ 9:@[&%‘%3’? g%% n&'l"g‘:
L i B s

in order to

avotHer&smner al hek of gB&bp d(aApesnaEs €rersat)hya heptyl

excessive partial hydrolysis; and then can be

6bt groenl (And HeompobythedmrBat iaonorhyt haramoviead ow

boi ling point 5 conponents. The anount, of water usetg;h
e

f or 1 peper s therp@tdl yai RORESs GHMEd (QBGV%B‘F‘%"%%’&%H

t ot al of teraa koxt

proﬂu@?%%tjaq?%'lpgéﬁp % gllt glr?%%an n%’élq{bugxl Al |
¥ntpi '@ndhxgbeéw@qémbfbeau&ed

for pa&%lal hyd?gl ?s?s %O oﬁt‘ part of

t et egal Koesytl tordupMi 5@ di dame s m&ert—:oﬁh, Thubet hen t he

rest of .the tetraal koxytitaniumis added thereto to

1fer EOnhe tRieh oM @ﬁhern ond Axsed sognsefufqrind examples

20! L LS0P"RS SRTRCRL L SR TRRY

FEERSE e LI SR oky XAy Suse Rl Sredc o

t et pagh&tdgyanigttups (%&Sﬁdﬁ@isl l&haaeaf cohal sol vent
ethoxypropyl group (and isomers therecf), a

15 methoxybutyl group (and isomers théreof) and an
ethoxybutyl group (and isqmers thereof) .

Examples of aralkyl groups represented'by R®?
include aralkyl groups having 7 to 12 carbon atoms
which may have a substituent, such as a benzyl group

20 and a phenylethyl group.

Examples of aryl groups represented by R®
include phenyl or alkylphenyl groups such as phenyl,
tolyl (and isomers thereof), xylyl (and isomers.
thereof), trimethylphenyl (and isomers thereof),

25 tetramethylphenyl (and isomers thereof), ethylphenyl
(and isomers thereof), propylphenyl (and isomers
thereof), butylphenyl (and isomers thereof)},

diethylphenyl (and isomers thereof), methylethylphenyl




and the solution is cooled to 80C or |ower, preferably
5C or lower, then al cohol containing a desired anmount
20 of water is added thereto dropwi se over | to 5
hours under stirring, the solution tenperature is
adjusted to 30C to 150C, ad the | ow boiling point
conponents are renoved by distillation. The reaction
may (ded tigomenrat theveed) alpeotyilphenyb (anf)d@oBeEBact ed.
A 25 known react or y. be used, and preferred is a

c

sti 'f????g’f)ve%éb’]-?’ﬁga rdo dPPRGT AP HERT nd an be
| g g ; :
el i 0

pol I'nvention,

POl ¥1h I QXRARE a2 PRohfoheifai(BRE Dyorféail ehlerablEy, or
sinmultaneously performng the two steps of: 1)

pr epelidtphenyar t(aad| i/sdwelrsoltheedof pranid dutioxypaetidl | y
hydrol yzi ng tetraal koxytitanium and 2) renoving the
genérnd desdmershsheregt hoihnlogenghpd bRy I JreyPRgsuch

o ook S DTk e 5BHIEEE, PR nRG
A LEEIR! dflabe RHePLORN] GHRMoLHERPIOXARE 1 pmRas i on
y be obtained by partially hydrolyzing 10

t et eREEESH)I I JHLGFL (hé2Hy1 PEHehy 1Bl andr esmare thidXeof )
therefrom and subjecting the resultant to a
1pol gudndieridatriophenyic{and, igomepy ctheapeehly - HX from

titani um hydroxi de and_tetrahalotjtani ump and
subj ecting E@TPLER| ?%rﬁ%tﬁc’ angd%cth?d;PﬁﬂPp‘Bn{ls)

38Rl AL RBRECT LA, BRCBRETNS era oo
or $igudd aRAshY BRARPILE FE R® to R :

The same kinds of groups as those selected

15 from RY, R?, R®, Ar', Ar? and Ar’ of the starting
material and/or the reactant aré preferred because
kinds of products can be reduced.

Examples of compounds represented by the
formula (11) include titanium methylphenoxide:

20 Ti(OPhMe), and titanium dimethylphenoxide:
Ti(CPh(Me)2)4.

The compound represented by the formula (12)
has a valence of Ti of 4, and the compound may contain
alcohol or aromatic alcohol as a ligand in the form of

25 alcoholate or phenolate. Examples of compounds of the

formula (12) include compounde of the following formula

(27) .

Tl B TR P T N



the three steps of: 1) preparing a partially

hydrol yzed product by partially hydrolyzing

tetrahal otitanium 2) renoving a |ow boiling point
conponent fromthe 20 partially hydrolyzed product and
subj ecting the product to 4mlycondensation and 3)
reacting the resultant with alcohol, renoving HX
therefrom and al koxylating the same. It is also
possi bl e to deal coholize titanium 25 hydroxide and

t et raal koxytitani um and gct the resultant to

pol ycondensati on. Anot he | - known net hod for
producing an organic tit ane conposition conprises
subj ecting 47 tetraal koxytiitaniumto heating, .

deet herification and pon’ondensatlon Preferably
used i s an organic anoxamé Pe&hmosi t i on
obt ai ned after renovi : ®2-fald nole,
preferably 0.3 to 1.8 fgid poire, ¥ 5 preferably 0.5
tani um at ons

contained in tetraal koxytitani O i
deet herification tenperature oﬁ:lOOC to 300C
preferably 150C to 250C over 1 fo 300 hours. These

known organi c pol ytitanoxanes ined 10 by a
pol ycondensati on reacti on of ast one raw
material selected fromtetraa ytitani um

tetrahal otitanium (Ti X4: X bghyg selected fromd and
Br) and titani um hydroxi de daf’be used in the present
i nvention. 15 The above-descri bed organic

pol ytit anoxane

Examples of compounds represented by the
formula (13) include titanium-disalicylate, titanium-
bis(2-methyl salicylate) and titanium-bis(3-methyl

5 salicylate}.

Of the titanium containing compounds, an
organic polytitanoxane composition produced by a known
method may be used. Such known methods include a
method in which titanium alkoxide is partially

10 hydrolyzed and subjected to polycondensation while
removing alcchol {e.g., Journal of Polymer Science,
vol. VII, No. 6, 591-602). Examples of such
polytitanoxane compositions also include ladder
polytitanoxane obtained by the method described in JP-

15 A-1-129031 and cyclic titanoxane obtained by the method
described in JP-A-1-31793, JP-A-1-52786 and JP-A-64-

52786.




and netal -containing catal yst may be used as is, or

af ter exchange of organic groups before use. For
exanpl e, they nmay be used after exchange of al koxy
groups by reacting with a conposition containing at 20
| east one conponent sel ectegs from al cohol, an aromatic
hydr oxy conpound and carbonic acid ester. In other
words, they Faytherusedopclameni Wik Qﬂctlh@@?ctﬂleﬁ@lvm th

I d
C ahudn cPEatren oy einebaotrrSrENa b HRceThn "
" 3fd BRDRESE Lol (VR 01 8hem B RNt | onal

or gani ¢ anat e rs us y when

di "@é;lsB'l ﬁ%rahaszahe nasvmgect @& foré| agtéferamleri 8b, 6,
phenol i's used as a reactant and 48 phenyl titanate

B P )pije flerhbipl 4 ackl & tTialesomas dbl )molesulsedsas
organic titanate to Jlgroduce an aromatic carbonate,

speefefexanly, usedhy| mwo%esaﬂ%@ne 3R hy !

tit te b th
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sol tibl% Tnthe reaction m xturé and is sub limng, it

MayeREFe v Aitfiecuat| edsddiehdirst ihl ehhiorfiedidunowt o
cause cl ogging. Surprisingly, however, it has been 10

1Poundngider tthetorgEhie- 'bbllqandt anoiame@,dlmlttlltéﬁlum
(titanate ol jgoner, etc. usedlnthg EFS($ _

| nvaREPBife r%s&wbegu%%%vesdaw PASGLaL Y #qqyzs.d and
adhe&bcgbéed\¥% £%lycgndé§§§¥£gﬂ q@&hopemov1ng alcohol,

and the present invention also follows this argument.

Specifically, as shown in the following formula (28),

15 one Ti-O-Ti bond is formed by partially hydrolyzing
titanium(tetraalkoxide) by adding one molecule of_water
per two molecules of titanium(tetraalkoxide) and then
removing two molecules of alcohol.

Further, in the case of a oligomerization

20 reaction, polytitanoxane having a few Ti-O-Ti bonds in
a molecule can be obtained by adding water in an amcunt
suitable for the oligomerization degree and removing
produced alcochcl. In order to obtain a titanium
compound containing 2 to 6 Ti atoms in a molecule,

25 tetraalkoxytitanium is partially hydrolyzed by water of
not more than 0.1 to 2-fold mole in a molar ratio
relative to Ti atoms, preferably by wéter of not more

than 0.3 to 1.5-fold mole, more preferably by water of




Whether a Ti-OTi bond is present or not may = 15 be
sinmply confirmed by elenental analysis of the

catal yst and NVR. Wen the structure of an organic
group bonded or coordinated to Ti is known, the anount
of bridging oxygen derived4srom Ti-OTi can be
determned by subtracting the anmount, of oxygen atons
20 nddy impze tham  He tor daRrEoyd oiple ridmorReT ek ndyRid
anal ysi s val ue, The npunber -of bridgi hg,oxygen invol ved
i n 9FNEEAFEOBoRE sswt%@PﬁHﬁBE? %?‘%er% bgoégge?rsayv%e

det i.ned ratiio t he I wat to
hd i PERegl et 3 chln’ O A healhed £71 O
valgnsRoeliedbaish tWit dhFeRbveE Tow @Riildhgnpoinvol ved
in Ti-OTi may be determ ned by known X-ray

81 ysimgidnegtaphi Thearemowsits of ewagter el fog4pas6¥ab) |
assunin% that a Ti-O bond is present

when the atom
49 hyfizalysie Beswelhedriabong Bsiga%ﬂner%gﬁhﬁst%{ﬂgé%{ﬂﬁt

(2.8 A)__of.the ionic radii T oxygen:
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(Zés I'n addi tion, such polytitanoxane or

copsd nttialangdaobyobs aiaye bebysad khemrpanttiadd hydyobysis

al koxy-substituted by reacting with al cohol or an
1ar ovfatiarthedr 6k eorpralkexyyibarbowisas feg peoguctipn,
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thereto to perform a reaction. In this case, an
organic polytitanoxane composition containing many
branched structures can be obtained. Solid components

15 generated during partial hydrolysis may be removed by

filtration. Referring to the partial hydrolysis,
tetraalkoxytitanium is dissolved in an alcohol solvent
and the solution is cooled to 80°C or lbwer, preferably
5°C or lower, then alcohol containing a desired amount

20 of water is added thereto dropwise over 1 to 5 hours
under stirring, the solution temperature is adjusted to
30°C to 150°C, and the low boiling point componentsg are
remcved by distillation. The reaction may be
terminated when alcohel is no longer extracted. A

25 known reactor may be used, and preferred is a stirring
vessel in which ¢ooling and heating can be performed.
Thus, in the methed of producing organic polytitanoxane

of the present invention, organic pelytitanoxane can be




Chem Soc., Vol. 38, No. 3, pl147-152 (1961)). These
catal yti c conponents nmay be a product of a reaction 10
with an organi c conmpound present in the reaction
system e.g., aliphatic al cohols, aromatic nonohydroxy
conmpounds, al kyl aryl carbongges, diaryl carbonates or
di al kyl carbonates or may be heated prior to the

r eacbtaimed byhekegrembiably aw sdruifaneonsly pegdgening

15 | ow boiling point conponents may be, renoye

t heEBer'oR SHEFPF REat L hgPreRAriog 3 %%Ft@%éw%ﬁ%éﬁﬁ‘ét
or an_.assqciated. formwth.a ol.. ) (e
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Stryshus e QimcRANY! thaNg&ada i AbleBobYing Bdife
above-nentioned nethod is shown in the above-
gesebinpetedorindladiidg) aldtaiplfeenothe ugdrt idldnyi um
compounds include 50 1) Iingar_polztitanate

r ephpdeat ek dprodact ofné i HY eqtdrguFhe (R oyl i c
polytitanate represented by the follow ng fornula
(30POlYEEEeHRAS10R720- f Ti-O)--Ti--0872 OR72 h OR72

(29) (10 1 NG RQUAULEVERD) ol EoheRECRENI O Ahak S

group havi ng on ato an aral kyl, aryl or
acy bofip O i S hafYebbtdtnsd sy Pardibity enyddolgmiegch

ot her or may be bonded with each other, and h is an
liont egeralodldtitanilum (TiX,: X=Cl, Br), removing -HX
therefrom and subjecting the resultant to a
polycondensation reaction, or by removing -HX from
titanium hydroxide and tetrahalotitanium—and_aubjecting
the resultant to a polycondensation reaction. Also
15 preferred is an organic polytitanoxane composition
obtained by sequentialiy or simultaneocusly perfoxming
the three steps of: 1) preparing a partially hydrolyzed
prbduct by partially hydrolyzing tetrahalotitanium, 2)
removing a low boiling point component from the
20 partially hydrolyzed product and subjecting the product
to polycondensation and 3) reacting the resultant with
alcohol, removing HX therefrom and alkoxylating the
same,
It is also possible to dealcoholize titanium
25 hydroxide and tetraalkoxytitanium and subiect the
resultant to polycondensation. |
Another well-known method for producing an

organic titancxane composition comprises subjecting



OR73 OR73 OR73 8730ii-0.-1i-0-- 1li-OR73 OR73 0~ O
Ti R730- OR73 (30) (In the fornmula (30), R73
represents.an alkyl 10 group having 1 to 10 carbon
atons, an aral kyl, aryl or acyl group, R73 may be the
same or different from eaclay other or may be bonded
with each other, and i is an integer of 1 to 4, j is
an tiefttregékomyt 1k sro uM tanbeatigg4 deesherifidraran iand he
formula (29) and R73_in the f or mul ggsg% have a smal
nur?é’éb’cef‘dela?%'bh’rh't ofE SEERR 1366&56?(@ sBFFAMES not

h form of Iy r | f
of Ho:la’&li i croén %;é |lg%°§ys?%%zﬁtgg Ig%g egf%%%r{séj i
extd LRIy oMb 50! %&i‘éﬂetr)ibi bhe dd quisd fopbasel1ef ddre
reacti on system pre erred exanples of R72 and

R/ prvferaplgl dys gy auz-ifatdngoBe taf Erhear baaed atrons
such as a propyl group (and isoners thereof), a butyl

gr duis-adnn as@nercsortw’edf jn *aewﬁwc’ Fé&ﬁn%‘a'ﬁoa'ic?

I sonmers thereof a he roup, ( ong hereof),
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decyl group I somers thereof), a

CyC| obutyl gtRéepe lazcﬁwldigaﬁwlp@xma(rmdnesomtam
thereof) and a cycl ohexyl group (and isomers thereof).
10 by a polycondensation reaction of at least one raw

material selected from tetraalkoxytitanium,

tetrahalotitanium (TiX.: X being selected from Cl and
Br) and titanium hydroxide can be used in the present

invention.

15 The above-described organic pelytitanoxane
and metal-containing catalyst may be used as is, or
after exchange of organic groups before use. For
example, they may be used efter exchange of alkoxy
groups by reacting with a composition containing at

20 least one component selected from alcohol, an aromatic
hydroxy compound and carbonic acid ester. In other
words, they may be used after mixing or reacting with a
starting material, a reactant or a by-product of an
transesterification or a disproportionation reaction in

25 the present invention.

When a conventional organic titanate is used,
more specifically when dimethyl carbonate is used as a

starting material, phenol is used as a reactant and




Those contai ning an ether bond are al so useful, and
exanpl es thereof include al kyl -groups such as a

nmet hoxyet hyl group (and isoners thereof), an

et hoxyet hyl group (and isonmers thereof), a 20

met hoxypropyl group (and igeners thereof), an

et hoxypropyl group (and isoners thereof), a

mephenybut ytangto ﬂP@dﬁth sonfmhenpf e?@‘é’#‘it aﬁﬁ‘tﬁ"ah‘“ble)
ethoxybutyl gr oup |soners thereof) Pr ef

exdfpléas tﬁ%r%ﬁﬁaQ%QSﬁltﬁE?ﬁﬁ ARRIARCEGFBUPES %ﬁﬁ hg 7

25 to. 12 arb nt,
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Pr %fe%harﬁdu@éﬁ’é@ epI‘ﬂ(bﬁé??Jf s Bel Qﬁh&ﬂ@t@d Viln gheups,
e.g. phenyl or al kyl phenyl groups such-as phenyl,

3 oldflstfandtb@n ¢cloner Snt hbeeedyi lbbripm @anqti@@n%ﬁste

thereof), trinmethyl phenyl (and isoners. thereo‘%hé
t etal&eEyhgkpherge . (aﬁwcr%sﬁﬁ’ébﬁlt%%)e 18t RgFPheny!

ORI A AR R A0S, 5
d' iRy LaReny! vf.qriee% Epsr&psamrsqtlaw ebhytphany!

(an soners téereof pentyl phenyl (and isoners

t hesRefe) ClBﬁéYﬁ?herBdr;(ra@dngiﬁp n&uauédw edt) haadbeen
cycl ohexyl phenyl (and isoners thereof); alkoxgphenyl

140 fuodpshatichhesorgsrtiox pohehytanerrng SORPPELE her eof)

et hoxyphenyl (and isoners ther nd butox phen
( antE i tamaERes oL hEPBRY /) etPa) ob‘@ﬁgtb‘%‘] %Fe ub%v

AN B A e e
due to sublimation.
Whether a Ti-O-Ti bond is present or not may

15 be simply confirmed by elemental analysis of the
catalyst and NMR. When the structure of an organic
group bonded or coordinated to Ti is known, the amount
of bridging oxygen derived from Ti-O-Ti can be
determined by subtracting the amount of oxygen atoms

20 derived from the organic group from the elemental
analysis value. The number of bridging oxygen involved
in Ti-O-Ti bonds and the number of the bonds may be
determined from the ratio of the amount of Ti atoms to
the amount of bridging oxygen. In addition, the

25 valence of Ti and the number of oxygen atoms involved
in Ti-0-Ti may be determined by known X-ray
crystallographic analysis (e.g., JP-A-2004-256719),

assuming that a Ti-O bond is present when the atomic




15 thereof), chloro(nethyl)phenyl (and isoners

t hereof) and di chl orophenyl (and isoners thereof).
Exanpl es of such conmpounds include conpounds whose
structural formula is as described below, e.g.,

but oxy titanate diner, phengxy titanate oligoners such
20 as phenoxy titanate di ner, phenoxy titanate triner
anddipbremesaatweeat it and Hhes c@adleEoMal {heesusf Y 2-87

phepoxy_sal i cyl .titanate ol j.gonmers sych as phenoxy-
sal aé:y%g t‘%’lear’ré’tnécdirﬁafl a‘?‘fg 'ﬂp‘h@r’h?%/?ggl ?Wef{)i ece?ﬁ'at e
trimer, titanate dimer (derived from phenol and 25

bi sphenol A) and titanate triner (derived from pheno
and bi sph Qol A) . Conppungds contajni ng to 6 Ti atops
in a nolequle are prefferrBd in tefns gFm*hemf i‘ﬁ‘* oR
sol ubifI®ey%i*t'Enate F?@Tﬁ%éﬂﬂgg‘l‘éo?m 2¢uTar Vel tg:
53 distri®bution, and Y he¥ nay coftain conmpone

whi ch does not satisfy the nol ecul ar wei ght of 450 or
nore defined in the present é’eqventi on, or contain a
conponent whose vapor pressu&e at 230Cis 10 Pa or 5

hi gher. Such titanate oligoners may be used as is, but
they may be used after renoving | ow boiling point
conponent s orin @ddivhespl suichweiodlyt icanposentesr by
distillation. ~u eu0 BU-"O 0" Bu OBu Bu OBu ~' i ~~
BuOcPpelyt JanboxaBe obbadngl kvl 3u kopyn-wethed @@y be

5 alkoxy-substituted by reacting with alcohol or an
aromatic hydroxy compound by a known method (e.g., J.
inorg. nucl. Chemf, vol, 28, 2410 (1966), J. Indian
Chem. Soc., Vol. 38, No. 3, pl47-152 (1961)). These
catalytic components may be a product of a reaction

10 with an organic compound present in the reaction
system, e.g., aliphatic alcohols, aromatic monchydroxy
compounds, alkylaryl carbonates, diaryl carbonates or
dialkyl carbonates or may be heated prior to the
reaction in the form of a raw material or a preoduct, or

15 low boiling point components may be removed therefrom
upon heating. The catalyst may be an adduct or an
associated form with alcohol or an aromatic hydroxy
compound present in the reaction system..

The structure of polytitanoxane obtained by

20 the above-mentioned method is shown in the above-
described formula (14).

Exarmples of such titanium compounds include

D = T T A I




Ove BuO /OBu ~H2)3 BuO / t /OBu McOF CH23- 0+
1-0)tCH2tOMe T/ '-OBu 3 0 4 3 Bu0 0O, '0i H2) 3 Buoy'
"OBu OVe x(PhOH) - OPh OPh OPh Ph PhO 41-0-Ti-CPh

PhO Ti-Oi1-OPh Ph OPh OPh OPh OPh Tip--O-r-Oft h Ph
OPh OPh OPh PhO Ti-O PhO 1sqi - OPh OPh OPh OPh OPh Ph
Ph 54 OPh QPh OPh x(PhOH) PhO-4i-O1ii-OTi-OPh Ph O
Ph 10PH iGRhr TPORTiRe®atEi repres@)te ibyophe PRBgYingrh
dPh~Ph2(Ph OPh PhQ hoH) O -'TI"

£ TEoamugpn (20 Ananicyayic bel Pt g repanted BY The

following formula (30).

OR™ OR™
R720-6T|—-0)-—1l'l-—-0R72
OR?2 R™
(29)

(In the formula (29), R'? represents an alkyl

5 group having 1 to 10 carbon atoms, an aralkyl, aryl or

acyl group, R’? may be the same or different from each
other or may be bonded with each other, and h is an

integer of 1 to 5).

R73 ORTS ORTS

R%—(—T:-—-»O){—h——o)—T:;—OR”

|
73 )
OR \ / °
R730 / \ R73

(30)

(In the formula (30), R’ represents an alkyl
10 group having 1 to 10 carbon atoms, an aralkyl, aryl or
acyl group, R™ méy be the same or different from each
other or may be bonded with each.other,'and i is an
integer of 1 to 4, j is an integer of 0 to 4, and

i+j=4,)




V/Ti 0-01~-n" ob Qd o H Hs OPr OPr H2)2 ~
H2)2 0 Pro-fCH2 OTi _OCH2j OPr Prg CH2)-O -fCH2-OPr
OO f cH2) 2 jH2) 2 OPr Pr These catalytic
conmponents nmay be a product of a reaction with an
organi ¢ conpound present imithe reaction system
e.g., aliphatic alcohol, an aromatic 55 nngphydroxy
conpound, al ®y¢mrR/F ardhendoznudiaaf3d) aggk Bondfe tBe
di al kyl carbonate or may_be heated pri og to_the
r edormgAai H30hdaer @ SMmajl, BYbeE &5 SPTEPT AT Y,
or | ow.bojli i nt. conpgnen Y Ly gg-GS r
O AanbaE! L 0ge 0, SATPR0CIL S AP ERTPYSRh S ox
I e85 et efe byn t iR é&*n”gkalﬁcé\@d'iﬁ?'t%_@ergﬁeﬁﬂd)ﬂﬁyéﬁs%m
(1 al koxi de oxide. . Anong the scientists of the
5 esRAatlBefl el Naganosremedy low sslubiddmyoAnkhbed bipeid
that no Sn=0 double bond is 10 generally present and
nomdwsiey ofi bhe | xgachicsisyeteRi delhysy PEEAPFYSP PEtRies
in the.formof, an oligoner. of bonded, rm%e les. _
Ex &fpifes %cﬁrﬁoﬁﬁoﬁﬂg%li%?‘i?d EAPY- iﬁ‘y 16 carbon
atoms such as a propyl group (and isomers thereof), a
butyl group (and isomers thereof), a pentyl group {and
10 isomers thereof), a hexyl group (and isomers thereof),
a heptyl group (and isomers therecf), an octyl group
(and isomers thereof), a nonyl group (and isomers
thereof), a decyl group (and isomers thereof), a
cyclocbutyl group, a cyclopentyl group (and isomers
15 thereof) and a cyclohexyl group (and isomers thereof).
Those containing an ether bond are also useful, and
examples thereof include alkyl groups such as a
methoxyethyl group (and isomers thereof), an
ethoxyethyl group (and isomers thereof), a
20 methoxypropyl group (and isomers thereof)}, an
ethoxypropyl group (and isomers thereof), a
methoxybutyl group (and isomers thereof) and an
ethoxybutyl group (and isomers thereof). Preferred
examples thereof also include aralkyl groups having 7
25 to 12 carbon atoms which may have a substituent, such
as a benzyl group and a phenylethyl group. Preferred
examples thereof also include aryl groups, e.g. phenyl

or alkylphenyl groups such as phenyl, tolyl (and




(1'V) butyl oxi de oxide, butyltin (I
et hyl but yl oxi de) oxide, butyltin (
nmet hoxypr opyl oxi de) oxide, butylti
met hoxyet hoxi de) oxide, butyltin (
et hoxyet hoxi de) oxi de, butyktin (I
octyltin (1V) butyloxide oxide, oc (I (2-
et hylspmew ot(lllejt@QOfdm gwlybctand jipome epgpt) .
met hox |OXI e), oxide, octyltin (lV) (2-
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any conventional reaction vessel such as a stirring

wesshbreoﬂ)nlquykghagglsKandlIgpmﬁessehgraoﬁUJt|-stage
distillation colum or a conbination of these

56 disshylumeryl rlead igAMGES sSErareRdy b@eagvé%et#afﬂﬁhenyl

e|t a, batc ction nt.in tion.
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rocess using a I -stage distillation colum is
pr efcgtl 8Hex@Iheny 1C qahidn stiSe ¥ a@aRoEs i; Nglieoxyphenyl
multi-stage distillation columm is nore preferred.
Ml giroypageuch sas IMeghiogypheny Lintanchadgeomens bherrais .
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contl Oggogégé éﬂéyéo%n, ﬁéléégﬁhéédnﬁﬂéhy§t§¥5hps such

di st on
as fluorophenyl (and isomers thereof), chlorophenyl

2 - .
enoxi de oxi de,
n
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(and isomers thereof), bromophenyl (and isomers

15 thereof), chloro(methyl)phenyl (and isomers thereof)
and dichlorophényl (and isomers thereof).

Examples of.such compounds include compounds

whose structural formula is as described below, e.g.,
butoxy titanate dimer, phenoxy titanate oligomers such

20 as phenoxy titanate dimer, phenoxy titanate trimer and
phenoxy titanate tetramer (and isomers thereof),
phenoxy salicyl titanate oligomers guch as phenoxy-
salicyl-titanate dimer and phenoxy-salicyl-titanate
trimer, titanate dimer (derived from phenol and

25 bisphenol A) and titanate trimer (derived from phenol
and bisphenol A). Compounds containing 2 to 6 Ti atoms
in a molecule are preferred in terms of their

solubility. Titanate oligomers have molecular weight



any generally used nulti-stage distillation colum may
be used, and exanpl es thereof include plate type
colums using a tray such as a bubble-cap tray, a
sieve 15 tray, a valve tray or a counterflow tray, and
packed type columms packedsw th any of various

packi ngs such as a Raschig ring, a Leasing ring, a
Pal Kistngbutai®@er lands 4Hdl emanrcdntadnl ox compienent ahdickon
packi ng, a McMahon gacking, a Heli, pack Sul zer
packPRg ARk %ﬁﬂﬂ%ﬁya%.ez@°¥%ﬁ?#ﬁﬁyWQ&g§Fa?g-%%%R%ﬁim°re

col s conb pedd YRR ORY! NdvelOldh 2 0B Bhfe LM WM
sectOn and a packKéd colurm secti1dn << W packi ngs
May 3he8nbet PIEIR 3BbYrUsLeéls s WE A tA 280P | 1HIQUWS PRI BEESS
using a multi-stage distillation colum is applied to
tshe hfghduct | Suchoft ixmaadei ¢l Pfonearshmagt be, usediras g, but
materials and reactants are supplied to a contjnuous

mul thegt age ki sised afiten remeUrRyY 40¥ PRESENHRTM% s

are allowed to react with _each .other in the presence

of 50%95?95%1?%%%5‘\@%70“%%{ A ﬁogpf?%{ﬁ‘feg Bhase

or | : =liquid phase in the distillation colum

whi Idgsgf'gng 1t:iaféfg'ousl y extracting the produced high

boi ling point reaction m xture containing aromatic
carbonate or ggn auonmatic carbonate 5 m xture in a

liquid forméromthe bottomof the colum, while
continuoys!y \i-8tif1ing of f the produced ?'BGW B | i Ry
poi nt reactyBn, mxtere containing a Mop_rgpﬂ Lot Hheaqg,
formof gas frBnfthe upper part of the gﬁsti | at ogﬁp
colum by di 8¢i |1 % ion. 10 The catal yst iQBut heOBy eé
invention is used
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in a proportion of usually 0.0001 to 30% by wei ght,
preferably 0.001 to 10% by wei ght, nore preferably
0.01 to 5% by weight based on the total weight of the
raw materials, although the proportion depends on.
the kind 15 of the catal ystsqused, the kind and the
amount of raw materials and reaction conditions such
as reaction tenperature and reaction pressure. The
reaction dghe off esigpgnce time in a conti nUoUs e x(PhOH)
process)y n the pregent invention is not particul ar

| i m Pee— —+% —@PR0 0.001 to ho@Rh i:h
preferabli, 0.0 phours, ef O )5
5 hours. ﬁe r actlon |s perforh@ﬁ <§ e ctlon de

t enper at urknhCofTics@ |y 50 to 350C, pﬁer 2
280C dependi ngign the kind of raw material conpounds
25 used. The reaction is performed under reduced
pressure, atnospheric pressure or increased pressure,

usually at 0.1 to égﬁflo Pa dependi ng @®hOf heofti nd ,@fon)

the raw pgterial c ounds used and the reamitjon 58

t enper at o hg present |nvent|onm>|y i's EDPh

al ways ne é% téxgse a reaction solv nt buw;an
appropriat % such as et allp
hydrocarbo _f' hydr ocar bon or Iog? ed 5
aromatic hyd’ @ may be used as a r hsol vent
in order to cilitate the reaction procedure. The

present invention has a feature that I|iquid
contai ning high boiling point materials and a

nmet al - cont ai ni ng cat;lyst is renoved fromthe rj§§t|on
j o o ;Jlf
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These catalytic components may be a product
of a reaction with an organic compound present in the

reaction system, e.g., aliphatic alcohol, an arcmatic
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10 system and produced aromatic carbonate is

transported in the formof gas, and the |iquid

containing the netal-containing catalyst is recycled

in the system In this process, part of the liquid

cont ai ni ng a netal-containiggg catal yst may be bl own

15 down and a fresh catal yst may be added to the

| i quinghydresy cdmpdungui alhﬁ;/amely reexdoBatoi t flawylactive

substance to produce_a reaction nixturs oﬁ a_subst.ance
Far® ﬁﬁg

derqaﬂf@&nPFEn‘P’_é H%YB‘OFP‘FHQH%B? R ﬁﬁ_tye_ prior
2ﬁ3'-30t2 %erggéﬁ%/o%'g i %Weagg‘ra&\%f Cé)r]:tagw' RaRgrsat abyst .

he"m Xxture |1 s separated 1nto a conponent

COMRRE L , "Bt M &v Hoid i99DHLARE Ecdifidnéat sf may e higgtoved
boi'ling point nmaterial and a conponent conposed
SraitHeyediror spdastlaatdngderi ved from a netal - contai ning
catal yst, and the substance derived froma

met al - cont ai Bragpkes Sty sermpaynds represeniefchy i the ne
The_t ! ti n 10 ,

Sh et dab | b aeRSpETHER (G e RS ontde.

ST cog, LOEACARIOLr S POBr ANG 1R1AI Benéeinddle

59 recovery system The "liquid containing a
hi git B bi BemRGH NtndWledgeakhatdna srpicaldoubitabondgis
catalyst" in the present invention refers to |liquid
1¢ongemieniaddyapresenty sindamongabkyht boi (TWg apbpnide oxide
material 5_supplied to the reactor, a reactlon?g1ggﬁgéa

cortmiyiiuig lyapEagent &t £he LORP gt 15t 19MgOPSEn

Cotehnlea chratfi? K 58K, SR acilag Kty Rin

mat gfhah i 36R288 88k fdOMARG1Itin (TV) (2-
ethylbutyloxide) oxide, butyltin (IV) (3-

15 methoxypropyloxide) oxide, butyltin (IV) (2~
methoxyethoxide) oxide, butyltin (IV) (2-
ethoxyethoxide) oxide, butyltin (IV) phenoxide oxide,
octyltin (IV) butyloxide oxide, octyltin (IV) (2-
ethylbutyloxide) oxide, octyltin (IV) (3-

20 methoxypropyloxide) oxide, octyltin (IV) (2-
methoxyethoxide) oxide, octyltin (IV) -(2-
ethoxyethoxide) oxide and octyltin (IV) phenoxide
oxide.

The types of the reaction vessel used in the

25 present invention are not particular limited, and any
conventional reaction vessel such as a stirring vessel,
a multi-stage stirring vessel, a multi-stage

distillation column or a combination of these may be




reactor and a concentrated |iquid having increased 10
concentration of a catalyst and a high boiling point
mat eri al by evaporation of part of the reaction

m xture. The catal yst nay be conpletely dissolved in
the liquid or present in thgeformof slurry. In the
case of slurry, undissolved portions in the slurry are
15 aised.i ntheskedraartibn vesepial naohbgi HEAd fonhigither a
b0|I|nngp0|nt material and a netal - cont ai ni ng

cat RRSEWISqHESIGHIGR B5i i AY") %“%F@FF%\P“ .nh’t fpxder
Present et ILEOLLQN i (27 RE0BRLO SMIIHABE LD OBfaceion in

boi I'i'ng ™~ pol e samne t 0

afOE&E'81¥Qc€f6ﬂﬂafak§epbega§@@ éybﬁbhﬁ Efﬁﬁeﬂéss using a
i nvention. Exanples thereof include aromatic

ol yiwtdd exyagengiciridd aandn cebimuds ph”efeofgadaramhtai c
car boxyl conpounds and residues thereof and

X ant9BE EBUOUS RIRSIe S HFHPE %fm“%‘i}d?tﬁigﬁhdﬂaﬁﬂ-]r:\fﬁgt% nt
material is

o odoaBmy b drote hbtsRERar s ARl e Y BELE i son
aboye dRALT hed AIPTH WorBOoLy a&%ﬁ%m@eyﬁﬁ&ﬁm

resi dues thereof, aromatic c conmpounds and

r esisddgest h@ﬂ@oénﬁrt@péamhpone&;s&ﬂ asThengraseit cis
pol yhydroxy conpound is represented by the foll ow ng
¥or mapabl819f pevBxrdHpqce8iinuqushalisitdlArEion. an

aromati c group having a valence of g, ..9 1S an integer
of 2 or rmre"e%m?i*l & &n mudk 5B ARG ﬁé&tﬂélétb%a‘é‘bll g

g?gnﬁgfgglon ﬂ%&'usedg HEl- £§%r6¥gﬂlﬁﬁaggoﬁhéblumn may
be used, and examples thereof include plate type
columns using a tray such as a bubble-cap tray, a sieve

15 tray, a valve tray or a counterflow tray, and packed
type columns packed with any_of various packings such
as a Raschig ring, a Lessing ring, a Pall ring, a Berl
saddle, an Interlox saddle, a Dixon packing, a McMahon
packing, a Heli pack, a Sulzer packing and Mellapak.

20 Further, a plate-packed column combined type having
both a plate column section and a packed column section
with packings may also be preferably used. When a
continuous process using a multi-stage distillation
column is applied to the production of aromatic

25 carbonates, starting materials and reactants are
supplied to a continuous multiQStage distillation
column and these materials are allowed to react with

each other in the presence of a metal-containing




conpound is represented by the follow ng fornula (32)
and is chemcally bonded to at | east one nenber
selected fromthe group consisting of netal of a netal
10 contai ning catal yst, an al koxycarbonyl group
derived fromdial kyl carbghate or alkylaryl
carbonate, an aryloxycarbonyl group derived from
al legitadybt cim borldtiidophdeargy dnmb@asr digntd phase in
car bonyl group derived from. dial kyl carbhonate .
) IEpPaPyPELLIHetRR Godimy; whyle TEmlEaRRaYaLY (QtFacting
Ar G- =V . I, el ; L Lhed

above. FEoptodd Hgh BB T 1B BOL ATk ATISOR AT
an¢ AR ailing’ &Hdnd@BY: RArbbARES b GraRYoRasié i eariainatee
aromatic ring of Ar6 group). 20 Exanples of Ar6 in

3 henifkaumel 48 4 2B)quainid fo24) fromcthel dctomadE ctiye gigigimn,
represented by the following fornulas (33), é%ﬁéf

( 33hile3epnbhaugwEdy diBtidypay | ehfefthes BERIYSe ogen

taom, | k havyi 1 3Q b
S enheinl Bt il Sl
gr %P'th%”gg;&eéf %}é&lfb AN theNhSiSe SRR O 8naitro

group). ( ecitic exanples of aromatic

pol gauedn %y i of OfFMR] pydas et i Desk drove i ncl ude
hydr oqui none, resorcin, catechol, trihydroxybenzene

1¢and i soner sThe hextedfyst b|ns thaypreserph dmyent pep pbh eised
e e amengretoe S eualiy b YEEOP BV LY FeL e

preferably 0.001 to 10% by weight, more preferably 0.01

to 5% by weight based on the total weight of the raw
materials, although the proportion depends on the kind

15 of the catalyst used, the kind and the amount of raw

materials and reaction conditions such as reaction

temperature and reaction pressure. The reaction time

(residence time in a continuous process) in the present
invention is not particular limited, and is usually

20 0.001 to 50 hours, preferably 0.01 to 10 hours, more
preferably 0.05 to 5 hours.

The reaction is performed at a reaction
temperature of usually 50 to 350°C, preferably 100 to
280°C depending on the kind of raw material compounds

25 used. The reaction is performed under reduced
pressure, atmospheric pressure or increased pressure,
usually at 0.1 to 2.0x10’ Pa depending on the kind of

the raw material compounds used and the reaction




10 thereof), bis-(hydroxyphenyl)-ether (and isoners

t hereof), bis-(hydroxyphenyl)-ketone (and isoners

t hereof), bis-(hydroxyphenyl)-sul fone (and isoners

t hereof), bis-(hydroxyphenyl)-sulfide (and isomers

t hereof), dihydroxydi phenylsg(and i soners thereof), bis
15 (di hydr oxyphenyl) -nmet hane (and isoners thereof), 2-

( hyempeypheng! ) -Try dihex preepyt - pivantiiondi hdi@x@at
( hydr oxyphenyl di phenyl) (and isopers ther Of%ﬁ tri-
( hyPdMEXPpRERGPaE Heh &8EaRdIT FROMETS é’PBgf yPuE 30

(S oexRhepy! ) BEARG ool U e £9Lbna ol

| r
ynap%t al'ene i Soners thereof

trifpadicexyBapht Hadnena  apdrbeamss drhekaebenatkdt hese
aromatic polyhydroxy conmpounds and residues thereof,

£ onpreiadd ct hpdirererhaft mayf bamndsed ashe rpactises fakvent
producing the aromatic carbonate of the 25 present

i nighorésrntedfacikitats thet EaRFHiPn BYRTSHAEES63. of
aromatic pol dr ox ompounds often f d. ]

producti on p¥g%é%£?%%ﬁ% gggePﬁéo?c§7%nﬂ %§QEE§? %@ftand
(O)1 (i O¥bARL L AP HYC bo?l 1 3§ PRALC rzReeEY 5 OXYd a
conlﬁ(gﬁh é?ﬂ%#@##’sﬁgﬁr ie?gct 5n (B) product produced
by fetia8S cbah i ANES tYalgbtdiar yémows [faoat ehabteacteibn
by the present reaction and oxidation product thereof
1¢ O)sytemannd dirbgurek promapdandarkonated i SKapaRepted

10 which is a reactant, represented by the.fol]ow ng
f or¥tultde F8¥manf W*da'ﬂdoﬁgﬁr O 't‘f%\'t@df‘.mg the

metal-containing catalyst is recycled in the system.
In this process, part of the liguid
containihg a metal-containing catalyst may be blown
15 down and a fresh catalyst may be added to the liguid.
Also, the ligquid may be reacted with an active
substance te produce a reaction mixture of a substance
derived from a high boiling point matérial and a
substance derived from a metal-containing catalyst, and
20 the mixture is separated into a component composed
mainly of a substance derived from a high boiling point
material and a component composed mainly of a substance
derived from a metal-containing catalyst, and the
substance derived from a metal-containing catalyst may
25 be recycled in the system.
The term “reaction system” refers to the
space inside the reactor, piping and eéuipment

surrounding the reactor, equipment and piping for the




HO ™ Y \ IH (38) (wherein Y' is as defined above).
Exanpl es of oxidation products (A) of an aromatic
nonohydr oxy conpound i nclude conpounds 15 represented
by the following fornulas (39) and (40): HO ! OH
(39) HO H (40) HO H Exanpkes of products (B)
produced by Fries 64 rearrangenent of diaryl
car bapalyst nEcoteryospstams 'IIMpr“ésqui@cPWﬂih’éng a
followng formulas (41), (42) and % HO <0 ,H (41)
HO hiegh dpoildme pammﬂia%slamﬁ‘pﬁe 1< o%&lﬁ'-é‘ﬁnaﬁg

progg otf” the 2;8 Qe J.rne g ?.SQt ggf% t %l a

(41 S represen

(44%oa08 £ 2Ph€Sartd ! b8D1 D trﬁ: @E bbe 1
conpgund%:ﬂgigigggn?g% by tﬁ€¥?%?ns | as (% and (23) 2

iBNCBUge] i &b raeo whes reapteserd acdaoy ibhemfxrurd aontadning

and (47). rw (44) 65 HO/ H
a catalyst and a high boiling peint materlal present in
the reactor, a reaction mixture containing a catalyst
and a high boiling point material discharged from the
reactor and a concentrated liguid having increased

10 concentration of a catalyst and a high boiling point
material by evaporation of part of the reaction
mixture. The catalyst may be completely dissolved in
the liquid or present in the form of slurry. In the
case of 51urry,Vundissolved'portions in the slurry are

15 also included in the “liquid containing a high boiling
point material and a metal-containing catalystA.

The “high boiling point material” in the
present invention is an organic substance whose boiling
point is the same as or higher than that of aromatic

20 carbonate produced in the present invention. Examples
thereof include aromatic polyhydroxy compounds and
residues thereof, aromatic carboxyl compounds and
regidues thereof and xanthones. Another example of
such high boiling peoint material is a high molecular

25 weight by-product produced by an additional reaction of
the above-described aromatic polyhydroxy compounds and
residues thereof, aromatic carboxyl compounds and '

regidues thereof and xanthones.



(45) HO HO HO ~-\ (46) HO (47) H Exanples of
aromati ¢ di hydroxy conpounds (C)  represented by the
formula (38) include conmpounds represented by the
formula (48). _ I CCH10() HO\ / | H(48) CH3
Exanpl es of oxidation produwtts of the 5 conmpound
represented by the forrmula (48) include 61 | \ (33)
(34) td (whEhejaromatis podyhydeoRo MPMPLUARY AR ent

al kyl ene group, havin to,30 -carbon atqQns or a

i ViAEReegrBapPY cEhe i orinh Formitn T s s
-SO and -COO-); (35) (wherein Yl is as defined above
and each Y may be the 5 sanme or different); and (36)

(wherein Z represents a pwﬁagm@mpn@roup(sugh as a

(wherein Ar® is an aromatic group having a valence of g,
g is an integer of 2 or more, and each -OH group may be
5 bonded to any.poéition of Ar® group).
The residue of the aromatic polyhydroxy
compound is represented by the following formula (32)
and is chemically bonded to at least one member
selected from the group consisting of metal of a metal-
10 containing catalyst, an alkoxycarbonyl group derived
from dialkyl carbonate or alkylaryl carbonate, an
aryloxycarbonyl group derived from alkylaryl carbonate
or diaryl carbonate and a carbonyl group derived.from
dialkyl carbonate, alkylaryl carbonate or diaryl

15 carbonate
—(O}—AP—(OH)qy  (32)

(wherein Ar® and q are as defined above, v is an integer
of 1 to m, and an -OH group and an -0O- Qroup may be
bonded to any position of the aromatié ring of Ar®
group) .-

20 ' Examples of Ar® in the formulas (23) and (24)
include aromatic groups repfesented by the following

formulas (33), (34), {(35), (36) and (37}:




trival ent al kanetriyl group having | to 30 carbon
atons and a trivalent aromatic group; at |east one
hydrogen atomon an aronmatic ring nay be substituted
by another 66 conpounds represented by the fornul as
(49) and (50). H3 (49) HOgg | -\ H3 HO YL OH (50) HO
OH (wherein Y' is as defined above). An aronmatic
polsubsditregnt ospoiured @f haypgel AJton,s agr ad8AXY | HredRe
production process because it is 5 produced b

ox iGN 1oFC afl TR étﬁﬁ'ﬁoh?oﬁrtﬁ({;’l @6%’8%% RREPY

m xi ng _of _a_trace anpun ygen..to . t S
prcﬁﬁ?%phgaa‘r’%)n [ rocufr'btgngpgséo%e&lﬁe’cg&sggit:té¥ié‘Fgﬁ}y\p%
|n%&ﬁ@grggggplgichtﬁy%ﬂ@eggbb p.systemas inpurities
contained in the raw material aromatic 10 nonohydroxy
conpound. Typi cal exanpl es+0f \{patic pol yhydr oxy
compound (A) include di Aene (and__isoners

t hereof) and di hydr oxydiphen i soneérd) thereof).
A product produced by Fri gFangenment of 15

di aryl carbonate of type (B) tends to be produced by a

ide reactio . pr i ' r
Exanpl oo of SRPEREYPHMHEIRE Cr dondAl g0 Byarany o

compounds described above include hydroguinone,

resorcin, catechol, trihydroxybenzene (and isomers

thereof), bis~(hydroxyphenyl)-propane {(and isomers

therecf), bis-(hydroxyphenyl)-methane (and isomers
10 thereocf), bis-(hydroxyphenyl)-ether (and isomers
thereof), bis-(hydroxyphenyl)-ketone (and iscmers

thereof), bis-(hydroxyphenyl)-sulfone (and isomers

thereof), bis-(hydroxyphenyl)-sulfide (and isomers
thereof), dihydroxydiphenyl (and isomers thereof), bis-

15 (dihydroxyphenyl) methane (and isomers thereof), 2-

(hydroxyphenyl) ~hydroxypropyl-phenol, dihydroxyf

%  ’ {(hydroxyphenyldiphenyl) (and isomers thereof), tri-

| (hydroxyphenyl) ethaﬁe (and isomers thereof), tri-
(hydroxyphenyl) -benzene (and isomers thereof),

20 dihydroxynaphthalene (and isomers thereof) and
trihydroxynaphthalene (and isomers thereof).

Of these aromatic polyhydroxy compounds and

residues thereof, compounds that are often found in the
process for producing the aromatic carbonate of.the

25 present invention need a careful attention. Examples




di hydr oxybenzophenone, 2, 4'-di hydroxybenzophenone and
4, 4' -di hydr oxybenzophenone. An aronatic di hydroxy
conpound of type (C) is a conpound generally used as
a nmononer for producing 5 aromatic pol ycarbonate.
Aromati c pol ycarbonate can dge produced by an
transesterification of such aromatic dihydroxy _
comfoardmandc dpekyhydrexyo sameoundy qftenpdound in the

transesterification, an_aronptic_nnohydr c oy

is RﬁQQﬂSEéSHagr%c?ﬁﬁ}ﬁqﬁ}GSFﬁgﬁﬁeféﬁiﬂﬂﬁﬁﬁcquhygroi@ 0
conggund of type (C) is easily nmixed to the production
pr oté€ss when the by-product aronatic nonohydroxy

conpoungibathenberisrd aF arbraci @mioridhydaexpr esepiund
i nvention. Typical exanples of such pol yhydroxy

& ongroladd si ackedet&n2- bi s- (4- hydr oxyphenyl ) - propane.
15 The aromatic pol yhydroxy conpounds in the _present
i nveht iH?Wd§F§oPF%’+“Fm¥ bdn %ﬂ&ﬁa{?%ﬂﬁd}%ﬁw&?ﬂo% atZryl

d [ bed bel whi Ls gensaral
ggg%? Q@ths§%%ﬂgﬁ? - ?gﬁfﬁ9%§g?%§y%%enfﬁflé?gpane OH
OH 8 {ddHOn RrOHLEL cdfdde - 68 H3 -

(C) arcmatic dihydroxy compound derived from phenol

10 which is a reactant, represented by the following

formula (38) and oxidation product thereof:

HO-@-—\ﬂH (38)

(wherein Y' is as defined above).

Examples of oxidation products (A} of an
aromatic monohydroxy compound include compounds

15 represented by the following formulas (39) and (40):

(40)

Examples of products (B) produced by Fries




/["H/CH3 HO H H3CH /CH3 H3C Ho\ o 3 H H3 1| XC H3
H3C The aromati c carboxyl conpound categorized as a
hi gh boiling point material in the present invention
is represented by the fornmula (51): (HO s-Ar7 (i
Of)r.5 (51) O (wherein Ar'g4s an aromatic group
having a valence of r, 5 r is an integer of 1 or

Nor eeasrargyemenitnbégeiaxfl Canponetd, l@@ﬁﬁdﬁﬂﬂ?mpeﬂmgﬁoup

and - (COOH) group. may be bonded to an sition
7r@namﬁﬁnteﬂwéwr Bhp dtRL kAWinge TRrBHLRT c?/‘dﬁrfbd%ﬁ? 284
nﬁggg is represented by the fornula (52) and is

che 11y 10 bonded to at | east one nmenber sel ected

fromthe group consisting of netal of a

nmet al - cont ai ni ng cat al ) an al Kgxycar bonyl group

derived from di al kg @ € .@, Dty | (41)

carbonate, an aryl oxyca a/yl| r ot dérived from

al kyl aryl carbonate or diaryl “carbonate and a 69

carbonyl group derived fromdi al kyl carbonate,
al kyl aryl carbonate or diaryl cgbbonate.

HO——<i::j>——C - (42)
4

OH HQ

{43)
:
Examples of oxidation products of the

5 compound represented by the formula (41) include

compounds represented by the formulas (44) and (43).

Examples of oxidation products of the compounds
represented by the formulas (42) and (43) include

compounds represented by the formulas (46) and (47).

m@. Cj {44)
4




(Ot (HOs-t-Ir? (COH)r-s-u 0C 0 (52) yO (wherein
Ar7, r and s are as defined above, t is an integer of
Otos, uis an integer of 0 tor-s, and -OH 5 group
(CII}ﬂ group, -0- group and (CII» group may be
bonded to any position of As7). The particul ar exanpl e
of such aromatic carboxyl conpounds and its residues
include: aromatic  carbonic acids such as benzoic
acid, terephthalic acid,
acid or the like; aromg
benzoat e, phenyl benzgag ; Qrepht hagadye or
the |ike; hydroxyl ar iC carboni i ds such as
salicylic acid, p-hydrtefybenzoic acid N\,
n}hydroxyben20|c achd, di hydroxybenzoic acid 15
(i soners thereof), carboxy di phenol (i somers thereof),
2- (4- hydr oxyphenyl)- 2-(3'-carboxy-4'-
hydr oxyphenyl ) propane or the |ikg; aryloxycarbonyl -
l i cyl ate, phenyl p-
hydr oxybenzoate, tolyl, « G ol yl p 20
hydr oxybenzoat e, pheny? heyzoate (isomers 70
t hereof), tolyl dihydroxybenzoate (isagers thereof),
phenoxycar bonyl di phenol (isoners tigerepf), 2-(46)
hydr oxyphenyl ) - 2-(3' - phenoxycar bonyl=-4
hydr oxyphenyl ) propane or the |ike; al kogycarbonyl 5
(hydroxyl)-arenes such as nmethyl salicylate, nethyl p-

h-e®H such as net hyl

(47)

Examples of aromatic dihydroxy compounds (C)
represented by the formula (38) include compounds

represented by the formula (48).

CH;,

H
< > (48)

Examples of oxidation products of the

5 compound represented by the formula (48) include




hydr oxybenzoate, ethyl salicylate, ethyl p

hydr oxybenzoat e, nethyl di hydroxybenzoate(isoners

t hereof), methoxycarbonyl diphenol (isoners thereof),
2- (4- hydr oxyphenyl ) -2- (3" - met hoxycar bonyl -4 10

hydr oxyphenyl ) propane or theili ke; aryl oxycarbonyl -
thereof), phenyl ethoxybenzfat® (i soners tg'r§of),
hydr oxyl - net hoxy- (phenoxycarbonyl)-di phenyl (isoners
hydr oxyphenyl ) pr opane;

phenoxybenzoate (isoners thereof), tolyl

phenoxy- benzoate (i sorfers thereo ydr oxyl = phenoxy-
hy de @ksefiesh\Arppr oPane;CR= A 43y dr8Rypherd@) apd(3C00~) ;
nmet hoxybenzoate (i sonmers thereof), ethyl

(al koxy) -arenes such as phényl net hoxybenzoate
tolyl ethoxybenzoate (isone ereof), . ph
t hereof), 2-(4-

Xycar bg 4' -

=y arexy ppe l) - 2-3@3" -
phenoxycar bonyl - 4" - met .-vphenylﬁ: gpane or the Ilike;
phenoxybenzoate (isonmers thereof), tolyl
25 pphanpxy e Bonghybeh pltms okl aogevsidrterg@eip, 2- (4-
phenoxycar bonyl - 4' - pydnoxyphenyl ) propane or the |ike;
nmet hoxybenzoat e '*\ners t hg=emaf ), net by
et hoxybenzoat.e @ ¥ .:@ t.h @L benzeat e

(isomers thereof), tolyl nmethoxybenzoate (isoners

hydr oxyl 15 net hoxybenzoate | bners thereof),

met hoxyphenyl )-2-(3" -p

20 aryl oxycarbonyl - (aryl oxy) - arenes such as phenyl

t ol y{npao ﬁp§931§(%5§¥ﬂﬂfé BBE&?OQ%g%éﬁ?@ﬂ%*aﬁ!?i@%&lgroup

phenoxyphenyl ) -2-(3' - phenoxycar bonyl -4' -

71 al koxycarbonyl - (al koxy) -arenes such as net hyl
(wherein Y' is as defined above and each Y! may be the

5 same or different); and

piants

(wherein 2 repreésents a trivalent group such as a
trivalent alkanetriyl group having 1 to 30 carbon atoms
and a trivalent aromatic group; at least one hydrogen

atom on an arcmatic ring may be substituted by another




5 (isonmers thereof), nethyl hydroxyl-nmethoxybenzoate
(i soners thereof), hydroxyl-nethoxy-(nethoxycarbonyl) -
di phenyl (isomers thereof), 2-(4-methoxyphenyl)-2-(3'-
nethoxycarbonyl-4'-hydroxyphenyl)propane, 2- (4

hydr oxyphenyl ) - 2- (3' - net hoxgcar bonyl -4' 10

nmet hoxyphenyl ) propane or the |ike; al koxycarbonyl -

( arepmpoyhdar eepme santiedaby nehéyforshaasx fB8hzead e(50) .

(i somers thereof), ethyl phenoxybenzgsie (isomers
thereof), nmethyl tolyloxybenzoate goners thereof),

et hyl tolyl oxybenzoate (isoners t gof ), phenyl 15
hydr oxyl - net hoxy- benzoate (i somer Her eof ), hydroxyl -
nmet hoxy- (phenoxycarbonyl) di pheny i sonmers thegwof),
2- (4- met hoxyphenyl ) - 2268’ - ffHenssshcar bonyl - 4' -
hydroxyphenyl)prep. 4+ xypienyl ) - 2- (3-
phenoxycar bonyl - eny ropane or the |ike;
20 aryloxycarbonyl (aryloxycarbonyloxy) arenes such as
phenyl phenoxycarbonyl oxybenzoate (isoners thereof),
tolyl phenoxycar bony e\ (1 soners thereof),
tolyl tolyl oxygatk ¢ igoner s t hereof),
phenyl hydr oxyl -o-nzoate (i soners

25 thereof), hyd I-phenoxycarbo/ y (50)
(phenoxycar bo /,dlphenyl (i somg hereof), 2-[4-
( phenoxycar bopAr~eKy) phenyl - 2- (3" - xycar bonyl -

hydr oxyphen¥®) pr opane, 2-(4-hydroxyphen )-2-[3" 72
phenoxycar bonyl - 4" - (phenoxycar bonyl oxy) phenyl ] propane
or the Ilike; :

aryl oxycar bonyl - (al koxycar bonyl oxy) -arenes such as

Phepwle MBLNEXYEAr RO RuBenBORd e, (i soners |
An aromatic polyhydroxy compound of type (A)
is present in the production process because it is
5 produced by oxidation of an aromatic_monohydroxy
compound due to mixing of a trace amount of oxygen to
the system when producing aromatic carbonate, or
because it is incorporated into the reaction system as
impurities contained in the raw material aromatic
10 monohydroxy compound. Typical examples of aromatic
polyhydroxy compound (A) include dihydroxybenzene {and
isomers thereof) and dihydroxydiphenyl (and isomers
thereof) .
A'product'produced by Fries rearrangement of
15 diaryl carbonate of type (B) tends to be produced by a
side reaction upon producing diaryl carbonate.

Examples of polyhydroxy compounds (B) include 2,2'~-

R T L T WA



thereof), tolyl methoxycarbonyl oxybenzoate (isonmers 5
t hereof ), phenyl ethoxycarbonyl oxybenzoate (i soners
thereof), tolyl ethoxycarbonyl oxybenzoate (isoners

t hereof), phenyl hydroxyl - met hoxycar bonyl oxy- benzoat e
(i somers thereof), hydroxyl snet hoxycar bonyl oxy
(phenoxycar bonyl’) - di phenyl (isoners thereof), 2-[4 10
( nedibyscoxerndapherenenyt | ¢ -dihivdsoxrbrpeeprinie and

hydr oxyphenyl ) pr gpane, . 2- (4- hydr oxyphenyl )-2-[ 3" -
pheﬁo§¥Eﬁf?%#%égéyépfﬁgpﬁ8§?%carbonyloxy)phenylIpropane

or the |like; e . ~ .
al koxycar bony;iﬂz (aarrof/nlagiﬁcg%%%%lﬁxc},xf)o-mgfgﬁgsof s%%pr? a(g) e

et RY koRPESRNX Vet NNy OXYBE gD enoiom@FEEST IProducing
thereof ), ethyl peenoxycarbonyl oxybenzoate (isoners
tthe reofat i oepdicardiophory c akbomt iex pod Heerbendtis o de
t hereof), ethyl tolyloxycarbonyl oxybenzoate (isoners

t heP&ESARCed o haAn HydngfyFe phEHRGHTarboRYF B SR IE: e
(i sgners_thereof dr gxyl - noxycarbonyl oxy.

(o CHEXSERF BT Ry 10 Peb R ot R e r 18 Vi e
(ph QoibrNeay! bz dndtd « MRhBaYd £8P WbHpchnd
hyd?%gégﬁgﬁg?y%%opane, 2-(4fhydof§yphen§I)-2?[3'}5 .
met lexpeasdbosy | asd s pyepesicat bormHeoxybpaeny | 4iprdparye
or the like; '

H koryparhdngf -{urek d%) c s beayl bk pixsdefestds rirdnaidon
nmet hyl nmet hoxycarbonyl oxyhenzoat e isonershyéhereof),

et hAroREBROEY r‘B’t?n;HlY(SWESHEBaﬁré’“ﬁ G BPRShYSEPLOT )
ot %“8?&99%‘3{,40% LQEUDEDZ08l & LI SRS Lyl TSl

eth oXxycar bonyl oxybenzoate (1soners | hereof),
met Rk e RY bR XY | TyERIRAX B RARPDEY | X Ve RBN BBRYBYd £8P NET S
t hereof ), hydroxyl - met hoxycar bonyl oxy-

compounds include 2,2-bis-(4-hydroxyphenyl)-propane.

15 The aromatic polyhydroxy compounds in the
present invention also include an aromatic polyhydroxy

compound described below, which is generally coexistent

with 2,2-bis-(4-hydroxyphenyl)-propane:
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(et hoxycar bonyl ) - di phenyl (i soners thereof), 2-[4-

( met hoxycar bonyl oxy) phenyl ] - 2- (3' - met hoxyar bonyl -4' 5
hydr oxyphenyl ) pr opane, 2-(4-hydroxyphenyl)-2-[3'-

met hoxycar bonyl - 41- (et hoxycar bonyl oxy) phenyl ] propane
or the Iike. Anong these arggmati c car boxyl conpounds
and the residues thereof, the special attentions
should be 10 paid those tend to exist in the

production_procggs of aromatic carbonates of the
preserhton.rrati c carboxyl conpounds that
tend to e nzy  hee
bel ow. (D) T ncl Geg

15 of aromatic cdlP

transesterification of/ &, Present inventionwo ange
hydrol ysis products th4!gb’. (E) includes prodits

Fries reartapgefrs f transesterification
pr odu .~<;.>-:
conmpounds ‘ nfl 20,

NE=R/

@ ioc @Bl yval ent hydr oxyl _

hyediol y&('s products thereof. As H
descri bed earli egg ig, e phoducti on nethod of
aromati c carbonat e¥€of\the present invention, the
reactions to obtain b phenyl carbonate and
di phenyl carbonate fromdf butyl carbonate and pheno
are 25 particularly inportgnt, and therefore, aromatic
car boxyl conpounds and resi dues thereof of (D) and (E)

descri bed above are shown bel ow as exaqples.,Exanglg__
of (D) may iﬁepuaggm%&ﬂq(5ﬂrp8xg&ia?mggp d categorized as

p_nngﬁﬁp%gigkggagéfkt‘%E%gyiaiakkCQ%éﬁﬁ%eé@@%nthQﬁtion

is represented by the formula (51):

(HO)S—AF-(ﬁ:OH)r.s (51)
@)

(wherein Ar’ is an aromatic group having a valence of r,
5 r is an integer of 1 or more, s is an integer of 0 to
r-1, and each -OH group and -(COOH) group may be bonded
to any position of ar’ group) .
The residue of the aromatic carboxyl compound
is represented by the formﬁla (52) and is chemically
10 bonded to at least one member selected from the group
consisting of metal of a metal-containing catalyst, an
alkoxycarbonyl group derived from dialkyl carbonate or
alkylaryl carbonate, an aryloxycarbonyl group derived

from alkylaryl carbonate or diaryl carbonate and a




hydr oxybenzoat e, butyl salicylate; butyl p

hydr oxybenzoat e; phenyl but oxybenzoate (isoners

t hereof); phenyl phenoxybenzoate (isoners thereof); 5
phenyl phenoxycarbonyl oxybenzoate (isomers thereof)
butyl phenoxycar bonyl oxybenggate (isonmers thereof),
but yl but oxycar bonyl oxybenzoate (isoners thereof) or
t hechrkeny Eanmipedefife) from idieliyé carbongge,

di hydr oxybenzoi ¢ acid %%s mers the eof%' phenyl

di h§4kBRe e FGEPENRFE ofe r&t AT §8F§?nﬁ ®noxycar bonyl
di phenol (isoners thereof); 2-(4-hydroxyphenyl)-2-(3'-
phenoxycar bonyl - 4' - hydr oxyphenyl ) propane orthe |ike.
Xant hones that are included in the high 15 boiling
point materials of the pr nt invention include
xant hone and t he xant hone ving at | east one

substituent on the ti Zjﬁjﬁ*! el ected from

foll ow ng various sG@@gﬁtu nt"groﬁﬁ*bonsisting of :

al kyl groups such as a ylcproup, et hyl grougg)ZO
P5r

propyl group, isopropy up,” butyl group, an

i sobutyl group; hydroxyl oup al koxy groups such as a
met hoxy group, ethoxy gro pr opoxy group, i SOpropoxy
group, and butoxy group; afyloxy groups such as a
phenoxy group, tolyloxy group; al koxycarbonyl oxy

groups 25 such as a net hoxycarbonyl oxy group,

et hoxycar bonyl.oxy group, propoxycarbonyl oxy gr.ou

and WE?H%’}(‘?/C%‘?%OHW‘%@(W Yo &, d5¥§71‘%‘£ ony E&ygh
grog_g%esugh PSO q:o %I"]ego§¥?§11; bl%@g@éyogrgugo r-s, and ~OH
ol y'6XYeard p, a

t onyloxy"grou
5 group, =-(COOH) group, -0- group and - (COO)- group may

be bonded to any position of Ar’).

The particular example of such aromatic
carboxyl compounds and its residues include: aromatic
carbonic acids such as benzoic acid, terephthalic acid,

10 isophthalic acid, phthalic acid or the like; aromatic
carbonates, such as methyl benzoate, phenyl benzoate,
dimethyl terephtharate or the like; hydroxyl aromatic
carbonic acids such as salicylic acid, p—hydroxybenzoic
acid, m-hydroxybenzoic acid, dihydroxybenzeic acid

15 (isomers thereof), carboxy diphencl (isdmers therecf),
2~ (4-hydroxyphenyl) - 2-(3’'-carboxy-4'-
hydroxyphenyl)propane or the like; aryloxycarbonyl-
(hydioxyl)uarenes such as phenyl sélicylate, phenyl p-
hydroxybenzoate, tolyl salicylate, tolyl p-

20 hydroxybenzoate, phenyl dihydroxybenzoate (isomers



75 carboxyl group; al koxycarbonyl groups such as a
nmet hoxycar bonyl group and et hoxycarbonyl group;

aryl oxycar bonyl groups such as a phenoxycarbonyl group
and tol yl oxycar bonyl group; and aryl carbonyl oxy groups
5 such as a benzoil oxy grouyp andtol yl car bonyl oxy
group. An active substance in the present invention

i s thexebs) antelyhatihydaokybenzonte Hiigemesr| FRRFRS nt
material and/or a metal -containin atalé t,zggg_any
sulpheasxycashomel HRPeRoL| SHBOmRF %&ﬁﬁ& et eaction
10 mxture, is oduced ggﬁg of,.the reaction.
Fo F‘Y%%PFBPEPY?LE d%c i v gise hg)§¥£a1n ce I%Yr} cludes an

OXiyfl] 'o&%phéﬂ i difelei BHe AUENE, alKRKPeRPbOAYINg
aggﬂ{, a adgoiﬁﬁﬁ%n agent, a reactive solvent or the
$ i k@ydroxyparF brendsarsudnhasonedhyl iapldgodete, methyl p-
precipitating agent, 15 reactive solvent or the |ike

ar ehysinstybgbEgateeBthyih83d 1g¥ietR A9 HaRces may be
used singly, or in ¢ i natiqn of i_nds d. t her
o T EYEEEgate . A L aY R oA (et
fro@gé%g% LgRepﬂbk#égkqéﬂ}lpaiﬁﬁeﬁ&PS(fﬁBﬁérbnthbﬁeof)/
present Inventiron 1s the” reaction products and/or

un-3 each{A-Bixgpheeyl) 110- (30i-methoxpsdrbuargd -#hat results
fromthe reaction between the high boiling point

18 ubisydrmephedyl hpropine ©rs thet dhke: B PHYFarpPBYLTt
derived fromthe nmetal 25 containing catalyst is.th
r eabaikaryradgaes aeh s PRSY e bet *éh%ﬂ-—@%ﬁtzfﬁ?ﬁkfs
SERC AR S e
phenyl ethoxybenzoate (isomers thereof), tolyl
ethoxybenzoate (isomers thereof), phenyl hydroxyl-

15 methoxybenzoate (isomers thereof), hydroxyl-methoxy-
(phenoxycarbonyl) -diphenyl (isomers therecf), 2-(4-
methoxyphenyl) -2- (3’ -phenoxycarbonyl-4--
hydroxyphenyl)propane, 2- (4-hydroxyphenyl) -2- (3’ -
phenoxycarbonyl-4'-methoxyphenyl)propane or the like;

20 aryloxycarbonyl- (aryloxy)-arenes such as phenyl
phenoxybenzoate (isomers thereof), tolyl
phenoxybenzoate (isomers thereof), tolyl
tolyloxybenzoate (isomers thereof), phenyl hydroxyl-
phenoxy-benzoate (isomers thereof), hydroxyl-phenoxy-

25 (phenoxycarbonyl)-diphenyl (isomers thereof), 2-(4-
phenoxyphenyl) -2- (3’ -phenoxycarbonyl-4’ -
hydroxyphenyl)propane, 2-(4-hydroxyphenyl)-2-(3'-

phenoxycarbonyl~4'-phenoxyphenyl)propane'Qr the like;




active substance. 77 product derived fromthe high
boiling point material are |ow boiling point oxidized
products, and the product derived fromthe

nmetal -containing catalyst is netalic oxide. 5 (I1)
The solid-liquid separatiowlnethod wherein the
active substance is a precipitating agent, the

r eadikiomychsboingl pladdiopiyd anreges ettt G, mghby? he

product derived fromthe netal-contai Eg catal yst is

théﬂmh’béﬁﬁ?%‘?%ﬁg‘%‘&r?dtgﬁﬁ%‘? nc&YWich presents in
t he, reactjon ,m xture T tillation
se&ﬁ bR SEER T AR

rern active Substance is a

feaecéﬂ peRkY¥ead . <i§2ﬁ\eﬂseeﬁéteaf) S éd}@lsetn@kmmoaam

e product derived from high boi | ing point material
5 s @nerekst bRet&ofol walithyil shydtduylowmethiokiyhgnpoite . On
usi ng the aforenenti oned net hod of (I t he OXIdIZIng
agefitsomerigethevepf)s, thY@lr@mrltﬂ%h@saf meshoxyeaFbonyl) -

ox I EHESH L SETREES barRe o £ ot TAKRYPPRBY R oA 0 -
bo'lll[lal hody %&a% iel"aﬂ ﬁ%k@&}l Liiatfes bbeeuet al

yst pro g net |c oxi de as the
xb}@hb gﬂ) f3.0m t-hecmekatageaiyli'ng catal yst.
Exanples of those oxidizing agents include: air,
1mn|mﬂnﬁuxyphnygkhprqnanﬂaorhyhaogéhepeikbqﬂm§ar§PFVbT 25
oxi de; organi c peroxi des such aségerace c acid,

per GEYAsHY) aarane FQy 128y BEERY § ohgnsppybenzoate’

(isomers thereof), ethyl phenoxybenzoate (isomers
thereof), methyl tolyloxybenzoate (isomers thereof),
ethyl tolyloxybenzoate (isomers théreoﬁ), phenyl

15 hydroxyl-methoxy-benzoate (isomers thereof), hydroxyl-
methoxy- (phenoxycarbonyl) -diphenyl (isomers thereof),
2- (4-methoxyphenyl) -2- (3’ -phenoxycarbonyl-4' -
hydroxyphenyl)propane} 2-(4-hyd:oxypheny1)-2-(3-
phenoxycarbonyl-4'-methoxyphenyl)propane or the like;

20 aryloxycarbonyl- (aryloxycarbonyloxy) -arenes such as
phenyl phenoxycarbonyloxybenzoate (isomers thereof),
tolyl phenoxycarbonyloxybenzoate (isomers thereqf),
tolyl tolyloxycarbonyloxybenzoate (isomers thereof),
phenyl hydroxyl-phenoxycarbonyloxy-benzoate {(isomers

25 thereof), hydroxyl-phenoxycarbonyloxy-
(phenoxycarbeonyl) -diphenyl (isomers_thereof), 2-[4-
(phenoxycarbonyloxy) phenyl-2- (3’ -phenoxycarbonyl-4' -

hydroxyphenyl) propane, 2- (4-hydroxyphenyl)-2-([3'-




but yl hydr oper oxi de, cunyl hydroperoxi de or the |ike;
oxo0-acids such as nitrous acid, nitric acid, chloric
76 The separation of the reaction m xture containing
t he product derived fromthe high boiling point
subst ance and the product derived fromthe netal -
contai ning catal yst may be carried out by any 5

s e pheabkgoanedmod s (Pbagorgcarhonydorydphenybl RrQRane
separate this reaction mxture, into two co onepts
onen Khe hakel R OOMACAEDPREL bl KREY AEPPIELOTY G HeRES
hi gh _boili i nt_.substa t el s
R e L e e N T
r“ﬂéﬂéfégﬁsg'Ebiﬁh:H€EE%&?E¥§B$n§in§E@%&BE&e (isomers
gas-condensati on phase “separation methods such as
gJaHer@vify , sppeyl iedhoxgasrbenyiakyemaoateohisoners

gas-solid |liquid phase separation or the |ike nethod;
soltiherieicofli dtebphrefiosycarbaaykoshanzogse (isomers

di tation, tri [ filtrati _
| arBeRb: ParX] Aoy Rt ey SRR -ReFrdke
d ' ' hk _ 20d
or areriised ERRRst) e e O o2t on,

di s{dHdndikiyeBrbanl PEPHRhyQN (2semerse dhelrebther 2- [hese

separation nmethods may be used singly, or in 20

1¢ onpiertioixyraobonhoxywiphenydbr 2- (2t triwncxygarbanebus| y
or sequentiallX. The conbinatjon of this SCEiYﬁ{
subdnesPhaay 1 proranSar #ri(6nhRRYHEEPHIYEAr 2rithiTed in

e e A e e R i S

or the like; alkoxycarbonyl-(aryloxycarbonylox?)-arenes

such as methyl phenoxycarbonyloxybenzoate (isomers

15 thereof), ethyl phenoxycarbonyloxybenzoate (isomers

thereof), methyl tolyloxycarbonyloxybenzoate (isomers
thereof), ethyl tolyloxycarbdnyloxybenzoate (isomers
thereof), methyl hydroxyl-phenoxylcarbonyloxybenzoate
{isomers thereof), hydroxyl-phenoxycarbonyloxy-

20 (methoxycarbonyl)-diphenyl (isomers thereof), 2-{4-
(phenoxycarbonyloxy)phenyl]-2-(3‘emethoxycarbonyl—4'-
hydroxyphenyl)propane, 2-(4-hydorxyphenyl)-2-[3'-
methoxycarbonyl-4‘ (phenoxycarbonyloxy)phenyl] propane or
the like; alkoxycarbonyl- (alkoxycarbonyloxy)-arenes

25 such as methyl methoxycarbonyloxybenzoate (isomers
thereof), ethyl methoxycarbonyloxybenzoate (isomers
thereof), methyl ethoxycarbonyloxybenzoate (isomers

thereof), ethyl ethoxycarbonyloxybenzoate (isomers

S e S T e e e



(1) The gas-condensation phase separation nethod,
wherein the active substance is an oxidi zing agent,
the reaction is an oxidizing reaction, the 78 acid,
and hypochl orous acid and salts thereof or the |Iike.
Air, nol ecul ar oxygen, ozongz hydrogen peroxide,
nitrous acid, and nitric acid are preferably used, and
nDrth¥@¢%WéﬂﬂqﬁhaﬂrhHﬂnoxwﬂTmﬁnhﬂKY§§V§@¢V¥ﬁ¥¥1?9§§°a5e

Th t bet t h d di zi ng
Aot PR ERIEEORSr IRTEeDiAe KR ERSIVIRIY | he

| | _
hadBeERGRYSAdR ) (ALbRe T S aciBls LRECODI A (a1
I eaGhb ORoRPRENHENYABxY NEh &I -Of - (Bheme¥hébkyd Nbragent -

and 10 the reaction conditions. The reaction
Benpydﬁbxyphenyﬂ)@hopgheLt2{Wﬁ#ﬂmﬁrwaypbdnyﬁgxaﬁﬁ3ng on

t he kind of OXIdIZIn? ent used, i.s nornal

_ 30mebhoxycarkaraiatl y (Methoxyra rhonYAeE) PRes )@ﬁm‘?&ne
0-900C,, The, .reaction tinme, although it may be varied
dep8hdFAg HHShe kind 15 of the oxidizi ng agent and
the reaction gy th@seng%iﬁﬁﬂﬂb Qa08d5x300ciPtuds and
preferably O. 1 hour s reactlon pressure is

nor gkl Ye$8dudLd hetteoNdetie 1dbekial Ratentibny efteudll pe
102-3 x 106 Pa. This reaction nay be carried out in a
Iat phidethesoteand tn eshst mruhe2@roductieon praresse o

nmet hod of  the aforenentloned:éﬁg the: separatiqon of
t he@FBERY ©FAFBONAEES| OF CHhY (RRFASHL pvention.  Aromatic

ohact REEPE YRR EndEPAR (e BE SEPTOIORCD)

of and (E) described below.

(D) includes products of Fries rearrangement
15 of aromatic carbonates which are obtained by the
transesterification of the present invention, and
hydrolysis produéts thereof. (E) includes products of
Fries rearrangement of the transesterification products
of the aromatic peolyvalent hydroxyl compounds and
20 hydrolysis products thereof.

As described earlier, in the production
method of aromatic carbonates of the present invention,
the reactions t¢ obtain butyl phenyl carbonate and
diphenyl carbonate from dibutylcarbonate and phenol are

25 particularly important, and therefore, aromatic
carboxyl_compoﬁnds and residues thereof of (D) and (E)
described above aré shown below as exampies.

Example of (D) may include: salicylic acid;




25 solid and liquid. If the reaction m xture of the

af orenenti oned oxidi zing reaction is in liquid phase
at the end of the oxidizing reaction, gas liquid

m xed phase or gas liquid solid m xed phase, the
condensed 79 phase conponenats consisting of mainly
netal oxide nay be obtained: by carrying out phase
sepahgativepbehzeite acidacphenykisalirylateo PhenhP phase

conponents consi sting_of pain | ow boiling point

pr SYGELEYBRNZOZHA « P ilOﬁaéhﬂyi% ’cgh'gghlsgt' i on phase
containing netal - Qxi ; J St ks
evgﬁ%?ﬁ??ﬁﬁ“?%é&?ﬁﬂﬁﬁengﬁ B§P%¥§%%é%ﬁaﬁeoéiggggﬁ%ts from
t he Hahiedieh e dpkifie rb‘iz%fnb&?beﬁﬁl@é@e COERaReBt Shetdothe
nmetal -containing catalyst in the 10 liquid is oxidized
3 0 pheingll pleflexyaxrionyleaiybenpbmtse (idomeng thereof);
progression of the aforenentioned oxidation - reaction,
t hdusolli ghenexyerrhonyHoxYRE)ZPRE® btifoNeds FREFECt e
reactiqQn_is in progress. Further,, the oxi '

r e RAGYdn PHE QFH‘F%‘W%V OFyPERZEBTS e AP RL gﬁé %?lg%l) phase
onIt eb)iiigaporati ng the |ow boiling point oxidation
product, Which is produced by the oxidation of the

hi gh boi | i ngeR@kpie Y ) akhay ingRider with the
vol atil e conponents in the liquid. This is the

1pr ef atilydroeyhenzdir asid, (dspuerandmesof) 20PRRENL t he
oxi di zi ng reaction, the solid phase which naingé 1
cordinydr oy bRBEGR L@ x| fOMET S ERSF SRy MNSRCIKE2HRRY

P 2LBe kD! b0 DR R 91z (o -

phenoxycarbonyl-4' -hydroxyphenyl)propane or_the like.
Xanthones that are included in the high

15 boiling point materials of the present invention
include xanthone and the xanthong having at least one
substituent on the aromatic ring'selectgd from
following various substituent group consisting of:
alkyl groups such as a methyl group, ethyl group,

20 propyl group, isopropyl group, butyl group, and
isobutyl group; hydroxyl group; alkoxy groups such as a
methoxy group, ethoxy group, propoxy group, isopropoxy
group, and butoxy group; aryloxy groups such as a
phenoxy group, tolyloxy group; alkexycarbonyloxy groups

25 such as a methoxycarbonyloxy group; ethoxycarbonyloxy
group, propoxycarbonylexy group, and buthoxycarbonyloky
group; aryloxycarbonyloxy groups such as a

phenoxycarbonyloxy group, tolyroxycarbonyloxy group; a




The | ow boiling point oxidation product is a 25
conmpound that is produced by the oxidation of a high
boiling point material by the oxidizing agent, having
a lower boiling point than that of the high boiling
point material. The exanplms of the | ow boiling point
80 oxidation product include carbon dioxide, water,

c ardsalpoxgdngrowR:; &ﬁhymwtérbeﬁbbUﬂ6§ﬁﬁbﬁWﬁFnPﬂg oxygen,.

unsat ur at ed or an| ¢ _compounds, the LLing point
rrat“@rqhé’lxicﬁFPﬂ @RHbSF\@Q’éY‘:at é’g\ muﬁt hough 5

the ZI n ageg{‘yfgﬁfd%%%ﬂghﬂﬂ 28 égﬁ?éﬁdﬂrcgﬁ:bbﬂ 1 gzoup

OXI bor'l I ng nt material use

The,{@etedh E/@zskgisai-@oﬂﬂe gP6uge Shd twey Idaironlyhokiegroups
nmet al - confai ning catalyst, and includes Ti O Ti 203,

Ji G alsha beheoiMhgn growpt andcm)alqarlb@n&'éﬁa}’y%’t‘o%
having a plurality of netals is used, a m xture of th

cor r espondi n§PneeEi Ve SHES 28RE/ TR (LTS H?&?ﬁP&xlﬂ%?’é?mn
d bt d.. |
o oh e RRaRBRCE ) PRy FeRSe e p S Wiphpotlipg, potne
HI5G18% 98ra§XnéE§ﬁﬂconE51ni Ctaalydt)Jand any

subs%ance as ong as It exists as the solid in this

I eagib s ariBeX indyh@Nge D A ilBRgt bb Sa nedrs rablier reaction
exanple, it includes: a netal hydroxide; a netal
10hahixgers de puoduasﬂrﬁﬁzﬂheo%Féeltaﬁﬁmﬁnﬂ QQQFFFB% orF
the |ike; anlnorganlc acid salt sg as__net al

car SRS, FPEaRCELYS AR IPF ’?Teatr%\lox&fiég
aci dsal U, =gk §9"RI&k, @Eﬁjecgsy@élﬁ@latge%:t Eﬁ

adsorption agent, a reactive solvent or the like. In
particular, the oxidizing agent, precipitating agent,
15 reactive solvent or the like are preferably used.
These active substances may be used singly; or in
combination of 2 kinds and further simultaneously or
sequentially.
The.prcduct derived from the high boiling
20 point substance in the present invention is the
reaction products and/or un-reacted high boiling peint
substances that results from the reaction between the
high boiling point substance and the active substance.
Also the product derived from the metal-
25 containing catalyst is the reaction products and/or un-
reacted metal-containing. catalyst that results from the
reaction between the metal-containing catalyst and the

active substance.




i ke. Metal carbonates, netal hydroxides, netal

oxi des, netal sulfides and netal -sul fates are

pref erabl e because their solubility in this reaction
25 m xture is low. The reactive substance, starting
material or the like my cggrdinate with these netal -
cont ai ni ng substances. Any precipitating agent may be
usaradhat 8ériveddiromiithls hhghavelligenpaint ngaeerialy st
produci_ng the_ netal, containing substance described
ab& 1P bodding ROiNG, °§Fé&f‘?ﬁ9 (BROHUGRSs o 2R TR

hydr.oxi des tho I.C d | fle : i tal
hy &r&ﬁu&ésgeglﬁ?igﬁr&m tli]l {“rgré% r:c‘%y cili]ui yeegggé%se{m:’\.sa

earth al roxi or
i kera33d WRaige. are used. In order to precipitate
these netal oxides, inorganic oxides such as alkal

sret al oxi des{In)] krHe scdddthigeid|sepdrdéscor meheodi ke,

and oxidizers such as _hydrogen peroxide or the |ike
ar eheyedn Lheonrelelve Fubetppeei P tRrai@iEahihg  agent,

sul fii des, inorgani g sulfides ch as al.kali t

Ul FIGESagt RS Le e, Resrpabebto paotith . ofly fhe

NY Q00 SHEEL 08 A font S mbla PLASK LA 1Dk BGLRLYAL s
thése netal carbonate, 1 norganic carbonate salts such

as &k dletaltbaht&iiiNdcR3d stkstansambichSpreseants in
carbonates or the |like, and carbonic acid, carbon

10 cwhadeecactiivontwixture .used. I n order to precipitate
these netal sulfate, inorganic,sulfate salts such.as

al kal i metal (S&T} e dekafiatie? PFRATAS1OR PEbPOTne
| Keieo%d UhLCaBEL Sk stldhck’ 18X AR AR WREBIvERE, The
reaction is the solvolysis, and the product derived
from high boiling point material is one of the
15 solvolysis with low boiling point.

On using the aforementioned method of (I),
the oxidizing agent to be used is the one that oxidizes
high boiling point material producing low boiling point
oxidation products as the derivatives of the high

20 boiling point material, and that oxidizes the metal-
containing catalyst producing metalic oxide as the
product derived from the metal-containing catalyst.
Examples of those oxidizing agents include: air,
molecular oxygeﬁ, 6zcne, hydrogen peroxide, silver

25 oxide; organic peroxides such as péracetic acid,
perbenzoic acid, benzoyl peroxide, tert- _
butylhydroperoxide, cumyl hydroperoxide or the like;

oxo-acids such as nitrous acid, nitric acid, chloric

SR, g



The reaction between the netal -containing catalyst
and the precipitating agent, although it may be

vari ed dependi ng on the kinds of the catalyst and the
precipitating agent, and the reaction condition 25
used, is normally carried et in the one phase
condltlon sel ected fromthe group consisting of |iquid

phase, gas ITh%lQﬁBﬁ@ﬁ&iOBhﬁgeth%ﬁﬁﬁﬁq9$ﬁpdméﬁF?ﬁen1xed
h d lid I d d t
t amse 389 Lo Akhian dragvER vam sasbEdAbaD df
gzon. O%uBEtL y'tfl)le %Eb%c@gfégldéﬁeérohstﬂéﬁﬁ@idﬂ

prefera 00C, nore preferably

- 1%&&@@nliﬁbec£6@wa@ﬁi\a§d Be, catitedigud bymayybe vari ed
5 depending on the kind of the precipitating agent and

% hesapearattiion netiped aeurlongi ssntherrdthag dglakde FRur,
preferably 0,1-20 hours. The reagction is usual

car%QR§¥%§Gttbhﬁe¥e§qﬁ%ﬂﬂ*@§§EPEEO¥HER)Fﬂ? CREPORf %%S' one
6\} 2 agﬁx ﬁox?ﬁi{ﬂse %h%u%{géuépedm%% @Eoﬁoﬁltxé rl'&’ﬂ:}f:?

recip reaction

pr %&rﬁbﬂgep@hhoguﬁ&aaf& andubsé acsmarf hEtNgathypt al
nucl ei. Further, although the netal containing

subsdraad@sexhet sroducoldetivrds Epam athengretthils conbaining
15 m xture, it does not necessarily need to exi st as

180l ¢atalysiti.e FAB el t gBSngORIRRIA P PhEPBCceedi ng,
and it nmgy be s
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fﬁg§51fg segSrQEQESPE§E§5QBT1d(hk&ul&rﬁhé%%pﬁkﬁkk99i6ﬁ or
the like method; solid-liquid separation methods such
as sedimentation, centrifugation, filtration or the

15 1like method; distillation method; extraction method;
adsorption method; or the like may be used, and '
preferably, separation methods such as sedimentation,
distillation, and adsorption are used. Further, these
separation methods may be used singly, or in

20 combination of the two or more methods simultaneously
or sequentially.

The combination of this active substance and
the separation method is not limited in particular, but
the preferred methods for carrying out the present

25 invention includes as follows.

(1) The gas-condensation phase separation

method, wherein the active substance is an oxidizing

agent, the reaction is an oxidizing reaction, the




20 reaction mxture is the solid-1iquid separation,
and the mxture is separated to a solid phase mainly
consi sting of the netal containing substance and a
l'iquid phase mainly consisti-ng of the product derived
fromthe high boiling pointygmaterial. For this solid
25 liquid separation, normally sedinentation,

cerraiidf, ugatli bypo¢hlancatsi enidramﬁeﬂﬂﬂ@ tbeperdt porthe
nmet hod are used. Further in carr Sﬁt t he net hod,

(1 |J)1keas AiKe W-‘w\blarl |°|’F§956r nt? %ﬁre YSrog8h: RETRH :,
in t g{lﬁlg naga rlc cE&yaP éé%%%%b%? ?E%% and

ou
preC|p|t Zetion R case

af Qﬁc?x@%frle@efgbﬁy(alﬂ JarieS me3 88uld N eyRRe! bye §8baent
to be used may be any reactive solvent as long as it

seacts with rthe tegdtidmwibetngepoting Iigfuari ahdaan
producesconpounds with the boi | i ng point |ower than
t haaxistizing pggnt bed 19a7Fisdi Aut Hatemhase pgleekedpireom

E’?Zﬁ% AP L th i iR PERET JrSdiaRed Wiked
eﬂl‘facg ' gEQell%hgq:léngr mfﬁé&)%@/&éé %.(i'tﬂéugﬁuﬁtbas

orm ¢ aC| acet propionic acid or the |

carmwl% aagen@ﬁ Sh reehklingashotied exidiietinygl agent and
car bonat e, utyl carbonate or the |like nmay be used.

105 ke eractbhanondi widrenol Thaceedet kan demperaypre,
acet at e, ethyl acet ate, dlnethyl car bonat e dletpyl

cardbomaugh lBlBﬁYy¢ecﬁﬂqiﬁﬁa9§PSP ing qn theykdnd o
pr eofxelrcﬁz:.%gugggn@ nxgset{T,D is %ro%ns.rtf;t() ! y30_%t0%5c, Spf@f%‘i’ably

0-1200°C and more preferably 0-900°C. The reaction
time, although it may be varied'depending on the kind

15 of the oxidizing agent and the reaction time, is
normally 0.001-100 hours, preferably 0.1-20 hours. The
reaction pressure is normally carried Qut under 10-10’
Pa, and preferably 10%-3 x 10° Pa. This reaction may be
carried out in a batch reaction or in coﬁtinuous

20 reaction.

In the method of the aforementioned (I), the
separatioh of the reaction mixture is carried cut by
gas-condensation phase separation. The condensation
phase means liquid phase, solid phase or mixed phase of

25 solid and liquid. If the reaction mixture of the
aforementioned oxidizing reaction is in liquid phase at
the end of the oxidizing reaction, -gas ligquid mixed

phase or gas liquid solid mixed phase, the condensed

INE IS
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The solvolysis in the present invention neans 20 the
reacti on between the reactive solvent and the high
boiling point material, and the solvolysis products
may undergo further reactions such as the

decarboxyl ation reaction tdat is different fromthe
solvolysis reaction. This |ow boiling point product
of ptna@ezsompbmt,as@nmytbega%rwa@ty WetAal ox bR may

Zﬁ'aéq' T e g LRy T A L
&ﬁoaeaﬁ%%ee ﬁ{@evm gﬁ %&Ia& ghehPg high

b0| I 'ng poi n i al von IS products

Wi tdbrlsQWthag! 60 tna R0Iy111 041 Bo€XPhai pEthtp@rbiautardsy in
following (1) (iii), when the high boiling point

srateiidilzat dophamny | thes aiqndyhaaemm @hase @netainamm rmegtiad
car boxyl conmpounds; 5 (i) In the case where th

r egetides isandehy §ioti l@ﬂ 06héﬁﬁﬁ°ﬁﬁﬁ}n§aﬂPUyP?%l%ﬂﬂ(j
?Lfrt o e B WAL, TP AL e Lbfiagiadt son

atron reac Ion pro

d|0X|de 10 (il In the case mhere
%}{Qsea%@mgasgﬁ& (i)

the reacti vent L is alcohol: alkyl salicylate

and phenol are phetwosl -Rpntaiabhylgeialysti in)the t he

case where the reactive solvent is calboxylic acid:
18al Jiogiide iacpdidhzed mwetag euide ERrniage §pdid phase

ggﬁ%ﬁ%ﬁ%bgﬁgf83?%$é§%$§?% Llca'égghé%(i&hed oxidation

reaction, the solid liquid mixture may be obtained -
while the reaction is in progress.
" Purther, the oxidation reaction mixtufe may
15 be converted into solid phase only by evaporating the
low boiling point oxidation product, which is produced
by the oxidation of the high boiling point material,
together with the volatile componehts in the liguid.
This is the preferred method because, simultaneously
20 with the oxidizing reaction, the solid phase which
mainly consists of metal oxide is separated from the
gas phase containing the low boiling point oxidation
product.
The low boiling point oxidation product is a
25 compound that is produced by the oxidation of a high
boiling point material by4the_oxid12ing.agent, having a
lower boiling point than that of the high boiling point

material. The examples of the low boiling point

etk am




under goes decar boxyl ation reaction converted into
phenol and carbon di oxi de. Above explanation is based
on the exanple of 20 phenyl salicylate that is
relatively sinple structured aromatic carboxylic
conmpound but simlar reactiagns involving nore

conpl exed aromati c carboxylic conpounds nmay al so
gerstisies ioor preguestdiing ludey ohyben dirsdder swakeEh garbon

aromati ¢ nonohydr oxy conpoynd,  ester, of |ower 25
caﬂﬁﬂ%ﬁlfi@'aﬁéa%jrfﬂ %’l“l?@f‘ E AR AR R% B 9EBound,
est ' I - ;
o) CfpsfturBERHDLE iR (REouFREP M 1 BoL 185 poine
ar GReddrG aTBNRYET Fedu e RaRBESs 36 tHeeTlakabl 81 tsoddh
sol vol ysi s products because they are the reactive

s5ubsteanmay bé tvareied alependingeonitdme dicdidcefi bher eused.

Since the liquid contains the netal  containing.
cat@tiydieing ageporand Mighukellone RRIDE matééiéfy%?e¢rn
t he solvolysjs reaction, Jt.is_not necessary t :
cat al yst forkgﬁem L& eleegg?i?ﬁ%é% ﬁ%p§¥?i§ﬁ€%f.fh
MOV tne L o6t £ iy BAXaRGoU5 Ohd Olnc1u@sPRLOOSE: L,
inmproving the rate of reaction or the 1like. 10 The
r eario,odr hiavaeret hewhégha heitailrgonba thingradatalgstand
the reactive solvent is normally carried . out,

1l theouigly iat phayabity afi o¢tddpehd yredn & MdxEunet ¢Hrche
condition, in one phase condition either Liquid gfase

RFgomet

or SUILSFPeRgird et LaxigRgs ander TH® CEHP,
LenperAl Yieopghihooh it may be

In case the method of aforementiocned (II) is

used, this metal‘containing substance may be any metal

15 containing substance as long as it exists a8 the solid
in this reaction mixture and'contains_this metal. For
example, it includes: a metal hydroxide; a metal |
chalcogenide such as metal oxide, a metal sulfide or
the like; an inorganic acid salt such as metal

20 carbonate, metal sulfate or the like; metal organic
acid salt; metal complex; metal double salt or the
like. Metal carbonates, metal hydroxides, metal
oxides, metal sulfides and metal sulfates are
preferable because their solubility in this reaction

25 mixture is low. The reactive substance, starting
material or the 1like may coordinate with these metal-
containing substances.

Any precipitating agent may be used that




vari ed depending on the kind of the reactive sol vent
used, is nornmally -30 to 400C, preferably -10 to 300C,
nore preferably -0 to 250C. The reaction tine, ,

al though it may be varied 20 depending on the kind of
the reactive solvent and thga reaction tenperature,
normal |y 0.001-100 hour, preferably 0.1-20 hours. The
r eacstEicss Wi thstizg metadaconsaining rrierl YehePEPEacine e

10-10' Pa. This, reaction may be caryied out gs_the
bat®&tadr CE’BH??'WcRﬁJs“&’ﬁaPSSc%?%%% a%\?f’ &I - cORt ai ni ng
cat t. _may_o Mo 3 Y, h S
;e T bo chudg e BALBLYEAIDNTEOAKINEI S o

t he dhaahi ¥enpatdeited @uibheabi gLit4l Bhmetaanhpdnbopaed)
aromatic carboxylic conmpound as the high boiling
poiailtkalit erirgh, mettab diyddiosideeot stheridke, edndswatge agfe

t he derivations fron1the.thh boiling point pmaterial
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obtained 1 n soluble and/or solidified states. In the

ettt ofent perakddemntihenadké| dtg ,used) t l1a vedetiom
m xture is separated by distillation, and the_|ow
1poiprewjpitatestiese ohgteils splblides s innngagie pubfides
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precipitate these metal carbonate, inorganic carbonate

salts such as alkali metal carbonates, alkali earth

15 metal carbonates or the like, and carbonic acid, carbon

dioxide and water are used. In order to precipitate
these metal sulfate, inorganic sulfate salts such as
alkali metal sulfate, alkali earth metal salt or the
like, sulfuric acid, sulfur trioxide and water are
20 used.
The reaction between the metal-containing

catalyst and the precipitating agent, although it may

be varied depending on the kinds of the catalyst and
the precipitating agent, and the reaction condition

25 used, is normally carried out in the one phase
condition selected from the group consisting of liquid
phagse, gas liquid mixed phase, gas liquid solid mixed

phase and solid liquid mixed phase. The reaction




B . okl = e e

15 the distillation still. This distillation
separation is carried out at the tenperature normally
10- 300C, preferably 50-250C, represented as the
tenperature of the liquid in the distillation still.
The reaction is wusually caggied out under the
pressure of 0.1-1.0 x 106 20 Pa, preferably 1.0-1.0 x
105tgmperptare saitheudlonitmmpy be varieddlepgnding on the
bat ch-w se or contjnuously. Wen the_products ‘dtfrived

fr dftthe | PrEgIRLtafitly agenryusedydipozpatly -70-
obt ai ted [ r t ] e
o G - BEeFRRR 00 agbE, ERE, bREsEkabH SR 0%
recycled in tthe s¥$t€iBn ithte, CATPRGhGH Ot GRAN BNV ABied
t he products derived fromthe -x"F metal -contai ning
Batdepestdinghbahthe ekiohi aifnetiebpreeppitaition agenheand
reaction mxture, in liquid, solid or 87 1liquid solid
m XERP pIeRss iRay tBBPe RN S d 18nRETRMELY %é)t(’é-rrgﬁg herey,
are,_or if .this._c osition_gcontains, other conponents
Cha IR AE G PSP 1 RO FRRCCHER &% CSREALRI ng
cat @l ysie %ugaﬁﬁdgf (i pMaRstire ﬁP"B&ﬂﬁﬁtﬁaUHVT ;
separated and then recycled in the system Further,
t herdadiidn0 ma$Obet tfridd Shdr &Y, thevbitH Drobbat tedolsy
reacting the products derived from the
lfeteg¢aquimrai ni ng catalyst to the starting material or
to the reactive substance, may be recycled. This, 10

method is t héPpFBf RTREIEALIBIVRBRCHIRN pribd a8t Ehe
derj th t - tai_ning t. i -
SoIBIFERAEAT WOEn TR & SRS LILRER A St Bl Bl
hi giudil.| NguRehBt, | diHdhgh the metal containing

substance exists as solid on separating this reaction

15 mixture, it does not necessarily need to exist as solid

while the precipitating reaction is proceeding, and it
may be solidified through the operations such as
cooling or the like after this reaction. In the case
of the aforementioned (II), the.separation of the

20 reaction mixture is the solid-liquid geparation, and

the mixture is separated to a solid phase mainly

consisting of the metal containing substance and a
liquid phase mainly consisting of the product derived
from the high boiling point material. For this solid

25 1liquid separation, normally sedimentation,
centrifugation, filtration or the like separation
method are used.

Further in carrying out the method of (II),




materials to be renoved fromthe system those 15
concentrations which may be varied depending on the
kind of materials, are not preferred to be kept
extremely |l-ow because the volune of the liquid, which
is subjected to the renovalgs becones too | arge. Al so,
if the concentration of the high b0|I|ng poi nt

mattehe dlighobpdling poigt makedishocortsuimdaodiinf Pb@l t

due to the increase of the boiling, point and,t

Vi ch’dH‘tdy mYTHS?‘%‘F %, MAYh EOERERRE rft i Wif WeFﬁélh?YﬁPg
boi | g&t material in the liquid, whichis

subje e othe renoval, is normally 0.01-99% by

wei ght, pref ghabhye 2nd mbtPodd BY ¥R HordRenkRbRed
preferably 1-90% by weight. Further, when the high

boi (11D [de nsednt ehie ateadtivansalvent @ el peallemay be
hydr oxyl conpound, the weight ratio of aromatic

pol %F%Iréﬂcthyar éﬂ%/‘fe%rﬁ?om}ﬁégt 88t He wWRChfpiirhofhe Helgh
catalyst in t uid.is _normally kept at. .2 ot elom1
Lo Briing Beapforeftian aod PRBHeT Bimetlmad B oR i
in EJEiﬂﬂﬁaﬁbghtaf&wéi“%ﬂdnﬂ%ﬁatBMfU@hé“hﬂ&%?bozllng point
nmetal -containing catalyst of the 5 present invention,
f achayeriiadlat Fopdexsmpld)e watredyClowsr Wikichbile bBuck hes
past such as clogging of the distillation colum,
lgepeatitaned , ofthanotatriiopanolc dipomers thereod) wabut%iﬁ@
sur yisinglé |nproved Further the referreg exa

of ’rﬁ?“ﬁr@s Hf—'r%f VI t5h6n LEKEF uiRwes 1RA TR 16fa°
di aélyél't Y %n ac é”l fée%qcbXCB.gelé?%%l%f aEQ& or the

present | nven
prQﬁH&éJ‘E&r@%n&ESe such as dimethyl carbonate, diethyl

carbonate, dibutyl carbonate or the like may be used.

15 Water, methanol, ethanol, acetic acid, methyl acetate,

ethyl acetate, dimethyl carbonate, diethyl darbonate,
dibutyl carbonate or the like are preferably used and
more preferably, water is used.
The solvolysis in the-preseht invention means
20 the reaction between the reactive solvent and the high

boiling peint material, and the solvolysis products may

undergo further reactions such as the decarboxylation
reaction that is different from the solvolysis
reaction. This low boiling point produét'of-the

25 solvolysis may be a product with a 1owérrboi1ing point
than the high boiling point material and its variety or
structure may be varied depending upon the reactive

solvent and the kind of the high boiling peint




transesterification nmethod. Polycarbonate which is
produced by the transesterification nmethod, depending
15 on the polynerization nethod, tends to show red
coloring due to the netal content in the catalyst for
di phenyl carbonate which i ssaisedas the material,
especial |y when the Ti_ content is greater than I ppm
Hoiiateariathe Zheneelolysigorrrduchatitdullom poiling

BT SoF PR Sl SHADERY | Uh onieaing 10 &t 1

pp 5 )bel uged e
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25 high quality because it contains |less Ti which
Bauses col orihgInfthm|caser bage ethd-uraasgrive golvent is
produci ng aronati c_pol carbonate

by the
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transesterification nmethod, which 1s obtained using 5
ar odigdxicledi hydr oxy conpound and di aryl carbonate
Eroduced by the nethod of the present invention, has
1 col ori ng (ahd I3 tmegwa@@arﬂh?ye e IeRctEveHEolvent
I NVENTI.ON. Accor rese I nvention
purT R ARCHPYE BLEBh A Viate; S8 RARPL asg, kradred by

a éfﬂ&ﬂdﬁ%%lb? produced, mhereln a starting materi al

(iii) In the case where the reactive solvent
is calboxylic acid: salicylic acid and phenyl

15 carboxylate ester are produced by the

transesterification and this salicylic acid further
undergoces decarboxylation reaction converted into
phenol and carbon dioxide.
Above explanation is based on the example of
20 phenyl salicylate that is relatively simple structured
arcmatic carboxylic compound but similar reactions

involving more complexed aromatic carboxylic compounds

may also generate corresponding solvolysis products
such as aromatic monohydroxy compound, ester of lower
25 carboxylic acid and aromatic mono hydroxyl compound,
ester of aromatic carboxyl compound-and a lower
alcohol, carbon dioxide or the like. In particular,

aromatic monohydroxy compounds are preferable as




sel ected fromthe group consisting of a dialkyl
carbonate, an al kylaryl carbonate and a m xture
thereof and a reactive substance selected fromthe
group 15 consisting of an aronmatic nonohydr oxy
conpound, an al kylaryl cardgmnate and a m xture
thereof are reacted in the presence of a

net LVEdEnPrgdect s Reqauss theyRke HitoreprEive
car bgnat es _whi e - prooduct s_al cohol s - and/or

i TR eBoRS: BY ARG, IrPeRtitt e (e Beoroisea.
system BRI Ef; PESCRLP QN 16F IhEa BRAWNGReFRE- 1 15 a
process flow chart reIateJ to the production of

ar opEitsiniagbentibyst) wHiehphegnally | fusidions; asngd 25
Fig. 2 is a process flow chart related to the
puré¢dtiaiastofoyf the asgdvalasienaeaction hdtprigsant { 90
invention. Fig. 3 is a process flow chart related to
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> o RSB BLOY SRALTed OLRE ol 11" nay 3" HEEH ! For
1, dhe burbdseldr fprdPing?2nelPatdSf Ieactdon3dér dRe

43, 46, 54, 57, 58, 60: line 50, 56: inlet line 10 2,
14,1265. 38, 51: preheater

10 , The reaction between the high boiling point

material and the reactive solvent is ncormally carried
out, although it may be varied depending on the
reaction condition, in one phase condition either
ligquid phase or seolid liquid mixture phase.

15 The reaction temperature, although'it may be

varied dependipg on the kind of the reactive solvent
used, ié normally -30 to 400°C, preferably -10 to 300°C,
mere preferably -0 to 250°C,
The reaction time, although it may be varied
20 depending on the kind of the reactive solvent and the

reaction temperature, normally 0.001-100 hour,

preferably 0.1-20 hours. The reaction is usually
carried out under the pressure of 10-10" Pa. This
reaction may be carried out as the batch or continuous
25 reaction.
The metal-containing catalyst may or may not

catalyze the solvolysis reaction. In case of reacting

water or alcohols as the reactive solvent to the liguid




3, 15, 27, 39, 49: continuous nulti-stage distillation
colum 5, 17, 29, 41: cooler 55: condenser 15 6, 18,
30, 42: gas liquid separator 11, 23, 35, 47, 59:
reboiler 8, 12, 20, 24, 33, 36, 44, 48: storage tank
9, 21, 32, 45: pressure corggol valve 52: top of the
colunn 20 53: bottom of the col um BEST MODE FOR
CARFOIENOUT FRERTORENT CRrkexylie eommawndnesi hbentish
expl.ai ned in, artlc l.ar e .exa
thebmjérlé’sgeﬁf’ 1PRVERES O s cﬁa B ﬁ+‘¥’é’o£%;}5t 8”“‘9 as
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concentratlon catalyst an e conc ratlon

of hdweriialqudetsVvesk Qﬂecd‘:ﬁb@aymewf@t alrm@nk;ausl 8&rbon
catalyst in aromatic carbonate were carried out using
an dicR{iAleSactbndacthe ginecGpipheind®| ageret/ Aindnireacts with
Em ssion Spectroscopy: Detection [imt of 0.1

m .
Thetle afedePER SRR catma VB ganee NRSiRdoFERERLARDG he

o1 AE R PERR-AE bk SRFRRNEEE (ol T8 Likehay, ke
05 dofah M RCpEMb 1 Gndicatiod pAPESGa KilKes

[ pol ysi | oxanee Length: 30 mInterna
dlaneter 0. 2h ohe method of the aforementioned (III),

10 the reaction mixture is separatéd by distillation, and
the low boiling points solvolyéis products that are the
products derived from the high boiling point material
are mainly obtained as distillates. The metal-

containing catalyst remains in the residual liguid in

15 the distillation 8till. This distillation separation
is carried out at the temperature normaily 10-300°C,
preferably 50-250°C, represented as the temperature of
the liquid in the distillation still. The reaction is
usually carried out under the pressure of 0.1-1.0 x 10°

20 Pa, preferably 1.0-1.0 x 10° Pa. The distillation may
be carried out batch-wise or continuously.

When the products derived from the metal-
containing catalyst, which are obtained by separating
the reaction mixture of the liquid from the active

25 substance, are to be recycled in the system, the
composition containing the products derived from the
metal-containing catalyst, which are obtained by

geparation of the reaction mixture, in liguid, solid or

N R L S et Ciaoae R T T L aRRgTien st i Be S e



Filmthickness: 1 m Columm tenperature: 50C (increased
by 10C/ nmin) 300C 15 Injection tenperature: 300C

Det ector tenperature: 300C Detection nmethod: FID (2)
Quantitative analysis The anal ysis sanpl e sol utions
are 20 quantitatively anal yged based on the standard
curves prepared by carrying out the analyses on the
cal }oruitd ewlddnpired gfhasec mayt haduecy shdss tiatoethe 3)
Confirmation of Ti-OTi hond, ,The presence of Ti-OTi
borRY5ETL &6 FREERES: U5 Ld&hdPr WR@OSH'C%&’PF%HT
(or J4d f | t : A

surt Pk (rbophHLE it priiacts MEA¥ from the
su hﬁédatl%tﬁ@hih? OdR1 gt Mal Pare eskl thediwnble

el ement analysis (C, H 0, Ti) and by assumng this 4
92 conpanEmteainag be sdparateds ahdnthere meoygpdeddéni viee
from Ti-OTi. (4) Conditions for NVR anal ysis Device:
INWYIo FTFRNRRRSY st iR edethpn geiut pn oF slurry,

P t,i f. I for ."H NVR _13C-13 nal ysi |
e Rets L GRERHRF RGP SR APIAREe s GIRET S, AEREST o \
f ;i l, 36 | t
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or to the reactive substance, may be recycled. This

10 metheod is the preferred method ﬁhen the products

derived from the metal-containing catalyst are in a
sclid or a solid liquid mixed phase.
Concerning the high boiling point liquid

materials to be removed from the system, thosge

15 concentrations which may be varied depending on the
kind of materials, are not preferred tc be kept
extremely low becaﬁse the volume of the liquid, which
is subjected to the removal, beéomes tco large. Also,
if the concentration of the high boiling point material

20 1is too high, handling becomes difficult due to the

increase of the boiling peint and the viscosity.

Therefore, the concentration of the high boiling point
material in the liguid, which is subjected to the
removal, is normally 0.01-99% by weight, preferably
25 0.1-9%% by weight and more preferably 1-90% by weight.
Further, when the high boiling point material
is an aromatic polyvalent hydroxyl compound, the weight

ratio of aromatic polyvalent hydroxyl compound to the




10 that weighed in the range of 0.05 g-0.7 g to
prepare sanples for the NMR anal ysis. TMS
(tetramethyl silane) was used as the interna
standard. Exanples ;:. The present invention will be
descri bed based 15 on the gxanples. Exanple 1
[ Production of aromatic carbonic acid ester] Aromatic
carmetmlt efvihepratiatyst udi fiealideid CJ'eB siomslily kept at
1. The reaction was carrjed qQut 20 b
corf ITCTARY 2P BEPure Greresatton s SlachimRe gf the
pre n d tion consisting
Jgg?%{ﬁﬁtz i@ndpa %ég&cﬁ‘engﬂdmtﬁg 1804411

car bona cat al yst,

phenyl titangyeudi rtﬁﬁ”ﬁ@ﬂaidééﬁéaiﬂfﬂﬁjéifzﬂyst of the
O Ti - (OPh) 3. 2 hOH] (result of el enment analysis:

E=-6oréyer5 ivéndBon D—fibetbts that 1rdndemsiitheoprogadiion

anaIyS|s PhOH and PhO groups exist at the ratio of
2: eungtakdite innfhecpRat sugh we Eigﬁil%ﬁuPﬁnﬁﬁeoxygen

d d f nd PhO
th.ofii tﬁr}&tmﬁogsm%'ev oot TPRLghd LRI IR bcul ar
We' %Hip E Eﬂ@ 2“:5,%?? Lé?t% %ﬂ%‘n@ft@g v ahroeg>sur €.

m xed . so utlon i'n which

t hat t he r at mrbuerwrgéttpx@ffea‘rbatykamrdnmat;net Present
phenol was adjusted to 5 about 65/35, and Ti as atons
1ﬁasinxﬁnnﬂp@dinglaéamtthﬁumsamB phnddryheaxironatei qui d)
fromthe mddl e stage a continuous multi-stag fn

di KT bRYcshe n‘ﬁe%h"d \&F ERenRESRTD o‘é’é’&"&fwﬁ'
Con&%ﬁﬁ%@ ogoR§E£rb¥ggégwﬂ%%au%tlon by the

transesterification method. Pclycarbonate which is
produced by the transestérification_method, depending
15 on the polymerization method,; tends to show red
coloring due to the metal content in the catalyst for
diphenyl carbonate which is used as the ﬁaterihl,
especially ﬁhen the Ti content is greater than 1 ppm.
However, the aromatic carbonate, particularly important
20 diphenyl carbonate, which is produced by the method of
the present invention contains Ti at 1 ppm or below.
Polycarbonate is easily produced by the |
transesterification polymerization with bisphenol A.
Thus polycarbonate produce in the present invention is
25 high quality because it contains less Ti which causes
coloring of pochafbonate.
Further, in producing_aromatic polycarbonate

by the transesterification method, the polymerization




inch in the internal dianmeter, 0.5 min the colum 10
length and filled with 10 stages of sieve trays, and a
recovery part which was 2 inch in the interna

dianmeter, 1 min the colum length and filled with

Di xon packing (6 nmt). The ggpndensation part was

di sposed in the |ower part of the stage where the 15

m xaturteighagaseppay coe cuntievedusking arie wdiarydcosthgnate
part s disposed in the u per art. The heat, required
forP‘fc\P%‘ PE)’ Bhea‘H%IU&ﬁdsﬂ Ité’n‘Fu gﬁe%\%%t gawmtéanby still

e R G G A M

t enpeiriddit@ rak i ERei ot bﬁ:‘?cﬂ“ﬁ lobtd38Rd using
distillation colum was controlled to be about 230C.

¥ hearasettiico dihiyquogly vasnpountli andudiyrylkemarddnktem t he
bottom of the continuous nulti-stage distillation
col RFRATechbyughe amethrd pF tHeaPreepnigcnvankion. ahagmo
/ The at al yst. was .di_ssolved in the reaction
I|q'Igﬁ]cPrRIgt3P ’o‘Wk%’ﬂHﬁ p0|nt [iquid mxture
contai ning 1- butanol as a by-product was renoved from
94 the top of the colum through a line 4, and then
it mEEECT icguelhiEetnteNErawol er 5, and a part of it was
renmoved continuously to a storage tank 8 at 19 g/ Hr
and the resforazding |t dadiet prehenti Brvdrntdonenhigh um
érefluxSratlolg Thellqwdrem)vedtothe '
to%@é’-vt SHRrYS GREbORaRpSEeE 4P eRRiAY mytﬁé. frem a

0,
of 5g§a ySt %%08%0 Sk@én/whereln a starting material

selected from the group consisting of a dialkyl
carbonate, an alkylaryl carbonate and a mixture thereof
and a reactive substance selected from the group

15 consisting of an aromatic monohydroxy compound, an
alkylaryl carbonate and a mixture thereof are reacted
in the presence of a metal-containing catalyst to
produce aromatic carbonates while by-products alcohols
and/or dialkyl carbonates are distilled ocut of the

20 gystem.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a process flow‘chart.related to the
production of aromatic carbonate in the present
invention; and
25 Fig. 2 is a process flow-chaft.related toc the

purification of diaryl carbonate in the present




wei ght di butyl carbonate, about 12% by wei ght of butyl
phenyl carbonate, about 0.2% by wei ght of di phenyl 10
carbonat e, about 0.3% by wei ght of 1-butanol and the
catalyst. The liquid renoved to the storage tank 8 was
conposed of about 99% by weaght of 1-butanol, about

0. 5% by wei ght of phenhol, -and about 0.2% by wei ght of
di bta¥Anta®gnbonate. 15 After the reaction in the

continuous nulti-_stage distillation colum.3, the
Feaction was elrr? etf g"o#%?%‘ﬁg?y"éo‘?ﬂqlﬁuu&&%ate& to the

mul 4 2 31398 k%k{;rimﬁ%i@%a%%&i% i%:?d egtlls continuous
mul t1-stage distiTlatton col'um , as In the case of
the continuogsgultis S 3aRc28sdESé | drairitoFedabsdnts the
was conposed o? a condensation part, which is 2 inch
5n stmdturer pél adosaeiercar®obim a¢id témeaol uim | engt h
and filled with 10 stages of sieve trays, and a
recovery part which is 2 inch in the interna

di ] um length and filled 25 with
Di %@a?ﬂ&ﬁgl {DE %ﬂ% %l’and t he condensation part. was
di sposgd 7 nipheiboves payt 20f bbe 54 ags waqresghego,
reaction liquid containing the catalyst was supplied
cord3 numyslsy,f somM $dhe at:ondge tank 12 to this 95
distillation col.um 15, and the recovery part was

di sposcéb:i Andlee Lpper part. The reaction was carried

out_by supplying _continuously through a line 13 the
Weatt it Pequrl: 55 BHFAMEE renoved from the bottom

R0 By, 148199 U ddriv 316 it 1 AdgY a8t ¥iTafion

né

column

5, 17, 29, 41: cooler

55: condenser
15 6, 18, 30, 42: gas ligquid separator
11, 23, 35, 47, 59: reboiler
B, 12, 20, 24, 33, 36, 44, 48:‘storage tank
9, 21, 32, 45: pressure control valve
52: top of the coiﬁmn -

20 53: bottom of the column

BEST MCDE FOR CARRYING OUT.THE'INVENTIOﬁ

Next, the present invention will be
explained in particular by the examples, but the
present invention is not limited by these examples.

25 Further, the measurements for the concentration of the

catalyst and the concentration of the metal derived




to the storage tank 12, to the continuous nulti-stage
distillation colum 15 at 100 g/ H after preheating
with a preheater 14. The heat required for the 10
reaction and distillation was supplied by circul ating
the liquid in the | ower parg; of the columm through a
line 22 and a reboiler 24, and the tenperature at the
bot fxom dthet metal contaigyagdicet ALY St | on axgmatici s
contrqQlled to be about 220C. 15 The_rea;}ion [iquid
was® ATGOUEFS FROVRSH OUWEr YR RB At TIREST t he

cong4,nyoM (g I SLi i €0l 15 t hrough
t heEjfl ne }ié‘tl'% gcgégﬁgpel%%éébk%i%hﬁgBgli?’r)ﬁ_r. After

t hegd W RRICOLYY Pet&dtiddiithitMbXt G e t.ai phag

di butyl carbonate as a by-product was renmoved from
6 hecdraermfratihens obfinthe urgagh cacompenerte iandhehkbquid
was | iquefied by a cooler 17, and a part of it was

r en¥R%S Megsradoby| §ag Chrosespagebkynk 20 at 83 g/ Hr
and the rest was refluxed to the distillation colum
(retPlx G iRs" Sar HoF IShGamACPERARAAF A5ATHELE! or age
tank 24 was segh of ut, 8% ight of dibutyl
car bonat e, géggﬁg7 Oogb @ﬁ?bht§g$g%%%§fgphenyl

carbonate, ahegtidlsady: WeoghiinéclyIpraygileaahenat e,
and the catalyst. 96 The liquid renoved to the
18t orage tanklLebgwas T®mposed of about 0.3% by wei ght

of 1-butano|i about_18% by wei ght of phenol, and
about 81% by IREFERL FHiamesEEy| 022 rBbnate. No deposit

or the |ike were éﬁ&gﬁ%ég@:tqepé distillation colum on

i nspecti on.
Column temperature: 50°C (increased by

10°C/min) 300°C
15 Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
(2) Quantitative analysis
The analysis sample solutions are
20 quantitatively analyzed based on the standard curves
prepared by carrying cut the analyses on the
calibration samples of each standard substance.
(3) Confirmation of Ti-O-Ti bond.
The presence of Ti-O-Ti bbnd is estimated by
25 identifying Ti substituent (or ligand) from the result
of 'H-NMR, and subtracting the oxygen value derived from
this substituent (or ligand) from the result of the

element analysis (C, H, O, Ti) and by assuming this




[Purification of diaryl carbonate] Purification of

di aryl carbonate was carried out with a device shown
in Fig. 2. The distillation separation was carried
out by continuously feeding the 10 liquid, which was
renmoved to the storage tanks®4, through a line 25
passing a preheater 26 at about 192 g/H to about 0.1
m a@xKEen Waluedds cthe apessf linkaget dxygars degivedsfreme
distjllation colum 27, which was a colum filled

wi t 1Y packing (6 mM®%) with an 15 internal

di a(@t eg:o%giigti_h@gSF%]ﬁbﬁ{ala%ggwigf 1 in. The heat

require § t'ion” "Separati on was supplied

by circul ati pavi&e; | miad oon FTiier | SYSenP@ialieObyt fEOL
colum through a line 34 and-a reboiler 35, and the
Senpeiature at the bottomof the 20 nmulti-stage
distillation colum is contro|led to be about 210C

The(BRARAEREAPRUPE SRR ledn Toau MR r SIVRR anpdyeide
bot f th i [ t]-st cdistillagi
oo IR B N GSERLS b 356 s el e St

at apoity %ngé"bén%%%gq ﬁl%%é%ﬂgﬁgéeﬁn 2l RButePaflq

t he col um thioug I ne Istillate was

| i gpiefforedolyr AAT@PiEH 2 39JewRSor erEriRsth te@RbhbRLOkEde
to a storage tank 33 at about 102 g/Hr. The liquid
19 endvadd wedghid &0 otheyerangek o830i 85 cprhFs@d to7prepare

di butyl. carbonat e: about _0.6% by wei ght, but¥I phenyl
car - £RBobRe 286k APateBd Rt | W%h&ﬁﬂra“k?&' Bonattane)

ab%s é@%’dbxsm@ilgh{nte%%ldis%ghhggéi on separat|i on was
carried out _
Examples
The present invention will be described based
15 on the examples.
Example 1
[Production of aromatic carbonic acid ester]
Aromatic carbonate wasfyreduced uaing a
device shown in Fig. 1. The reaction was carried out
20 by supplying continupusly at a rate of about 109% g/Hr,
through a preheater 2 and a line 1, a mixed solution
consisting of dibutyl carbohate, phenol and, as the
catalyst, phenyl titanate dimer-ZPhOH' adduct [(Pih.O);-Ti".
O-Ti- (OPh);2PhOH] (result of element analysis: C=67.2,
25 H=4.93, 0=16.77, Ti=11l.1; result of 'H-NMR analysis:
PhOH and PhO groups exist at the ratio of 2:6. In one
molecule, two Ti atoms and one oxygenka_t-om that is not

derived from PhOH and PhO groups exist, that is, one




é
.
N
8

5 by continuously feeding the liquid, which was
continuously renoved to the storage tank 33, through a
line 37 passing a preheater 38 at about 101 g/Hr to
the mddle stage of a continuous multi-stage
distillation colum 39, whxh was a colum filled

wi th D xon packing 10 (6 mm) with an interna

di a?FﬁetQaTTloﬂoozdu ﬁ&gs@md @He@h‘é@ﬁ woight mitheaththe

byq“’l:‘#‘{ é’?ﬁoﬁgh?,ﬁgl F‘}%ﬁﬁrgtplr%gsPﬁ% S % g%i 8§U$ﬁ| i ed
COI 4Rt N EHG M Add BR14818A% 2 w SBOIhRE éﬁ? el

tenperature at the bottomof the 1 ti-

di séidrtf ioZndeBhitPD dbdiaktler 6bl fReddl bars &B@uhc&@oﬁb
The bottom I'i qui dwas conti nuously renoved fromthe
Hotalmtof6st/B6, cend i TiuGLs atoingi was agdjuatiest ithl aboon
colum 39 through the Iine 46 to a storage tank 48 at

abolR: 009 Py ofpharwhale daguify ﬁ??ﬂ‘n‘%b(?e midgler stage

lu h h |
F?dﬁgn %m%3% ou%d%+g$'%%a§ﬁdgﬁggsi£ m@ﬁFFnﬁbusly
L0 oh SUPRAGE cohBbked bila %%%Enézt%ﬂpa&hewmew Pas 2

renmoved to the ~storage tank I's conmposed of di butyl
carhosmatiey thbotihte@bndl 7c%al‘m)etwl, gbit 5 rouiry lthehesylmn
carbonate: about 90% by wei ght, Bi phenyl- carbonate:

18bolenasds bypdnéihed with &0 sgages dfitsieve sanye)faed a

at anbient tenperature was  continuously rennied to a

st o HY FrAn ka8 wﬁB"%rﬂ?%@nﬂﬁFHeﬂ“d‘f #'bonat e:
oA . 55 Bl bR fqaflaanaaghqu d

bel ow ‘dét ection nalysl the
| NdbGedreacking (6 mmd) . The condensation part was

digposed in the lower part of the stage where the

15 mixture was supplied continuously, and the recovery

part was disposed in the upper part. The heat required
for the reacticn and distillation was supplied by
circulating the liquid in the lower.part of the column

through a line 10 and a reboiler'il, and the

20 temperature at the bottom of the multi-stage

distillation column was controlled to be about 230°C.
The reaction liguid was continuougly removed from the
bottom of the continuous multi-stage distillation

column 3 through a line 10 to a-stérage tank 12 at 920

25 g/Hr. The catalyst was dissolved in the reaction

liquid.
After the low boiling point liguid mixture

containing 1l-butancl as a by-product wag removed from



that Ti was bel ow the detection [imt. inspection of 5
the distillation colum reveal ed not deposit or the

| i ke. Conparative Exanple 1 (Production of aronmatic
carbonate) Aromatic carbonate was produced in the
device 10 shown in Fig. 1.94he reaction was carried
out by supplying continuously at _a rate of about 109
g/ Hehe top fgithe seéneat eiruging dineahsptRd Yheme it was
m xed solution consisting of_ dibutyl carbonate
phonomueBigh B anoPoLRE o e B BaRK) aF 1T easye
L1 aaL nuddiifteola MbPapbaBl sTRLOEY! G/uiRlilcne
wi t hout the adduct phenot: 0; vapor pressure: about
15 Pasttwsoriubea tbi Ked Gnddililatibn wbiwhh t e faki o
by wei ght of dibutyl carbonate to phenol was adjusted
5o zbbud=B59)35, and Ti as atons was adj usted to about
10, 000 ppm of the whole 20 liguid) fromthe mddle
stage of a coit® hdguddntereveditoydhgi SEPTRIR iRk JRuMA®

tage. of ' oot rdl ik cofu
> 1 hEBPRed o TRRRE 2P By SRR bBRBE apoll Rax by

e colum

| engbhgapdainddiad cirbBndfe StaGRE qu%sioﬁvegigws,f My
recovery part which is 2 25 inch in the internal

di apReryl dairbdratieheaboltini. %ot weighd &f | digshemyilh
Di xon packing (6 mm®$). The condensation part was
1¢i speskenate i FOAUSWEr 3paby wiighte oft dgbutmieek anchdhe

m xt ure. was sgﬁ’gdi ed conti nuoudc,l : %gd tge reqovery 99s

par C3FALYEF sp AL e SRR ﬁ'yé’rtt. TRECFRES traé'giu r &8

f(_or cEQﬁog&’i‘C&f %o%@dss% by weight of 1l-butanol, about
0.5% by weight of phencl, and about 0.2% by weight of
dibutyl carbonate.

15 After the reaction in the continuoué multi-
stage distillation column 3, the reaction was carried
out using a continuous multi-stage distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continuous multi-stage

20 distillation column 3, was composed of a condensation
part, which is 2 incﬂ in the internal diameter, 0.5 m
in the column length and filled with 10 stages of sieve
trays, and a recovery part which is 2 inch in the
internal diameter, 1 m in the column length and filled

25 with Dixon packing (6 mm), and the condensation part
was disposed in the lower part of the stage where the
reaction liguid containing the catalyst was supplied

continuously from the storage tank 12 to this



distillation was supplied by circulating the liquid in
the lower part of the colum through a line 10 and a 5
reboiler 11, and the tenperature at the bottom of the
mul ti-stage distillation colum is controlled to be
about 230C. The reaction |iggid was continuously
renmoved fromthe bottom of the continuous multi-stage
di sdisthilaiaolcgdnmg L hr aangh thise TecA¥e Y RaAFta Waor age
10 tank 12 at 90 g/ H . After the | ow boiling point

| i Bt BPPAFSE Uk SNEOHPRPRI PP Y- but anol as a by- product

& ana then 11 nge SFbREHE £y BR U8 oo WP Ans,

par toft i hloWisy rt_meugﬁ 451 Gentianges k¥atOich Sticfade
tank 8 at 19 g/Hr and the rest was refluxed to the
¢i swhithtwamn maoicved €reflthxe beattion=0f9Fhe Tewntiinpoud
removed to the stora%e tank 12 was conposed of:

pheRBLEL adfage sHaradlakiemtcolnmudy Fhreusghoha &1ingndit

56% by _wei ght,  butyl . phenyl rbonate. 20 12% hy
mei%ﬁt?h%i%hﬁﬁﬁﬂe %épﬁoggté?°§%§hfo %ﬁ&@%&sqﬁgﬁéh%%é%g
1- by 2p0] ja @R ccunkl Y A€1 Y g/Heeaktaki greHiFKEd
to the storage tank 8 was conposed of 1- butanol:
abowt £t 940 hyehritgit 14 pheTiod ‘hedto weqlli béd bfor wHeght |

and di butyl carbonate: about 0.2% by weight. 25 After
hereaatiomrand dissiddatiomorns myppliedthyecirculating
distillation colum 3, the reactjon was_carried ut

usi h§SaltBmd iibiSeniPYPT sRaife i SR PRLTEM TR 2

1001 P £0 IS 0 ReQeatl 2 TR Bl LERbE PTG, U che

ge distrilTation

col UBBtSm of the multi-stage distillation column is
controlled to be about 220°C,.

15 The reaction liquid was continuocusly removed
from the bottom of the continuous multi-atage
distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liguid
mixture containing dibutylcarbonate as a by-product was

20 removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a storage tank 20 at 83
g/Br and the rest was refluxed to the distillation
column (reflux ratio=4).

25 The ligquid removed to the storage tank 24 was
composed of about 5% by weight of dibutyl carbeonate,
about 74% by weight of butyl phenyl carbonate, about

10% by weight of diphenyl carbonate, and the catalyst.



I's conposed of a condensation part, which is 2 inch in
the internal dianeter, 0.5 min the colum | ength and
filled with 10 stages of sieve trays, and a recovery 5
part which is 2 inch in the internal dianeter, 1 min
the columm length and filleggw th D xon packing (6
mm-), and the condensation part was di sposed in the

| owBhe biquidfremowedt bgetivhatorage ranktibvas gomgosed

cont ai ni n the catal yst was s i ed continuays
f r offf t WePER f-3Fe PYOWELARE ©oF t:‘o‘%ﬂc’gi s?'?‘?‘ftat]iagnk%

col yom ﬁé’ota!g%e‘n%?n %S&"é’ﬁé&% RA% LYPGe %&g%@%ﬁﬂtyﬂe
upper %art. € Teaction was™ carried out by supplylng
conthpboMty. t RcOUBRodit ide the LhRer RaS4 | Pfurld Gw Ehe
whi ch was renoved fromthe bottom of the continuous 15
Bul 8issibgeidirsicollbahi om Ddpentidnt hr ough the [ine 10
to the storage tank 12, to the continuous nulti-stage
di stPurifioation efndisryl aopdagetel after preheating
wth a preheater, .14. The heat. required for the .
reaction and%ﬁV§FFFP5f?Bﬁ°€;é§§ﬁY pFFEgO?SF%ﬂW%ﬁﬂcgffﬁﬁd
20 |Gy defrikle riPaFilg 0b  t heng obidpy 1tikqugh
a hﬂﬁe‘l’%%yaaﬂéiegurkgbg%l er l24, 1télgnd the ténperature at

t hegepatd ©iorivasheanvléd -citngs dontihlaisbn feidimy khe
controlled to be about 220C. The reaction |liquid was

1gont igubdis| whirddnwagdrepsvéd dim ttihe BEPrage ofanhes,
continuous multi-stage distillation colum 1§3thr ggh
ot

t hethraeah 2 lgng 2E0PaGRINT dhiPTeAeate1 7283y 208
/B D0AR 7Y holh dndiis oske st o
continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢) with an
15 internal diameter of 2 inch and a length of 1 m.
The heat required for Ehe distillation
separation was supplied by circulating the liquid in
the lower part of the column through a line 34 and a
reboiler 35, and the temperature at the bottom of the
20 multi-stage distillation column is controlled to be
about 210°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 27 through the line 34 to the
storage tank 36 at about 90 g/Hr. After removing from
25 the top of the column through the line 28, the

distillate was liquefied by a cooler 29 and was removed

continuously to a storage tank 33 at about 102 g/Hr.

The liquid removed to the storage tank 33 is composed




renmoved fromthe top of the colum through a line 16,
and then it was |iquefied by a cooler 17, and a part
of it was renoved continuously to a storage tank 20
at 83 g/H and the rest was refluxed to the
distillation 5 colum (reflgx ratio= 4) The I'iquid

renoved to the storage tank 24 was nfosed of

di baf y@lmyﬁowbonaﬁﬁombcs% @yﬁ\%/ebghve gltut yutyRenyl
carbonat e: ahout 74@6 nyI arb nate
itk LR e A N o L A

stogggg é£m¥ %%OW@S m@yggg_ f about 1 butanol O.39§

by wel g henol y ‘'wei ght, and di butyl

carbonat e: abmét d%elbyamrgfHeparhEubnfw@@tdmleﬁ out
di aryl carbonate] Purification of diaryl carbonate was

Gar by econtdinwuts 1y fhedinevilee 1sigoid, mhi-'qztg.wa;s The
distillation separation was carried out

conEPREHRIAYE e é&mﬁzjeti hee tmeq lﬂt@raeﬁu Ewm%? o &REPEER: B
t he,storage tank t.hrou ne, 25

o ohoit of RAcRLg 8 praBte e 4B o "SRGt "L W50 ke
t hep iy ?f@‘%éﬁg@g%fog @oﬁ&ﬁﬂﬁ&ﬂé RS - EE&#é éﬁéﬁﬁilatlon
dlstll ationcolum 27, which was a co filled

Wi t BoDuk® B paciiiry wés r’mﬂdowtrtrh fdnlednvEtin dixdimpatking
of 2 inch and a length of 1 m The heat uirred for
10he (@i mmd)l Iwitthoan seperzal cliamgsesuphl ewcg'y and a length

e v B e

TR S SRl ety Siedsu i

Thechet iowed imtdo\ﬁaéhé%lwwrbuganavme 46 and a
reboiler 47, and the temperature at the bottom of the

15 multi-stage distillatibn column waé controlled to be
about 200°C. The bottom liquid was continuously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to a storage
tank 48 at about 19 g/Hr.

20 After removing from the top of the column
through a line 40, the distillate was liquefied by a
cooler 41 and was removed continuously toc a storage
tank 44 at about 82 g/Hr. The liquid removed to the
storage tank 44 is composed of dibutyl carbonate: about

25 0.7% by weight, butyl phenyl carbonaté:‘about 90% by
weight, diphenyl carbonate: about 9% by weight.

White ligquid that was solidified at ambient

temperature was continuously removed to a storage tank

e A T B A I R T T T S



102 fromthe bottom of the continuous multi-stage
distillation colum 27 through the line 34 to the
storage tank 36 at about 20 g/Hr. After renoving from
the top of the columm 5 through the line 28, the
distillate was |iquefied bysgthe cool er 29 and was
renoved continuously to a storage tank ‘33 at about 80

g/ He8 amed qqml@eﬁeﬂﬁ’&w}tb qarx@ogﬁéeag%bq%ﬁ% Py

bt G er A B PR LA 8B9 By “RE BT §P8neny!
car BODELE; o i 5{%§yam,@1ts oENEnd! SddpkaRcatea

separation was carried out cont | nuous I ng

t hethiguid washibeowashe Cdddddti@mnslymie anzer_;hpte@ttlba of
storage tank 33, through a 15 line 37 passing a

pr eheat@rstdd lattisbouo1 W@ mpvdaled nbe depakilte ozt &he of
a continuous multi-stage distillation colum 39,
Eh %as a colunn filled with Dixon packing (6 nmmt)

an_ i fﬂé“ gne%er of 2 inch and a length of 2
P e FF‘B r the distillation 20

Sep Ff"&d&!\:;‘@? osfuﬁmaﬁﬁgl{’ycr&'ﬂo%‘élt@ﬁ' ng the liquid in
the | ower part of the colum through the |ine 46 and

reboiler 47, mnthathe terpmizdelwasaprodecddtirohel dehice
mul ti-stage distillation colum is controlled to be
18boaowd 0t Fim.TRe bBhe omaqtqmndmecemed]mw

renmoved. fromthe bottom of the con uous |ti-stage
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through a preheater 2 and a transport line 1, a mixed
solution consisting of dibutyl carbonate, phencl, and
phenyl titanate [Ti(OPh),] (this phenyl titanate: adduct
15 with phenol; molecular weight without the adduct
phenol: 420; vapor pressure: about 15 Pa at 230°C) (the
mixed solution in which the ratio by weight of dibutyl
carbonate to phenol was adjusted to about 65/35, and Ti
as atoms was adjusted to about 10,000 ppm of the whole
20 liquid) from the middle stage of a continuous multi-
stage distillation column 3, which is composed of a
condensation part, which is 2 inch in the internal
diameter, 0.5 m in the column length and filled with 10
stages of sieve trays, and a recovery part which is 2
25 inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mm¢){ The condensation
part was disposed in the lower part of the étage where

the mixture was supplied continuocusly, and the recovery




tank 48 at about 8 g/H. After renoving fromthe top
103 of the colum through the line 40, the distillate
was |iquefied by a cooler 41 and was renoved
continuously to a storage tank 44 at about 92 g/Hr.
The liquid renmoved to the sporage tank 44 is conposed
of di butyl carbonate: about 6% by wei ght, butyl
pheR§Tt m%mseébmttmgewrm#gﬁt The quui d

terper at ur e DR HEHC t%%lr(lo%%%& efg e i ¢
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device shown in Fig. 1. The reaction was carried out
By salpcpilyémglloonnﬂnubastgmmraatuwat etothefmntor0@fgthe,
throu%h the preheater 2 and the transport line 1 a
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in which the ratio by weight of dibutyl carbonate an
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was adjusted to about 10,000 ppm of the whole |iquid)
10r oRnk hi2 Atdd%e 9¢Hxge of a continuous mul ti-st age
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containing l-butanol as a by-product was removed from
the top of the column through a line 4, and then it was
liquefied by the cooler 5, and a part of it was rémoved

15 continuouély to a storage tank 8 at 19 g/Hr and the
rest was refluxed to the distillation column (reflux
ratio=1.9). The liquid removed to the storage tank 12
was composed of: phenol: about 23% by weight, dibutyl
carbonate: about S56% by weight, butyl phenyl carbonate:

20 about 12% by weight, diphenyl carbonate: about 0.2% by
weight, 1l-butanol: about 0.3% by weight. The liguid
removed to the storage tank 8 was cpmposed of 1-
butancl: about 99% by weight, phenol: about 0.5% by
weight, and dibutyl carbonate: about 0.2% by weight.

25 After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
out using a continuous multi-stage distillation column

15. The continuous multi-stage distillation column 15,



diameter, 0.5 min the colum length and filled with
10 stages of sieve trays, and the recovery part which
is 2 104 inch in the internal dianeter, 1 min the
colum length and filled wth D xon packing (6 nm).
The condensation part was dobgposed in the |ower part
of the stage where the mxture liquid was 5 supplied
contikriding gonshouewr mEtdvetadpati skt adiioposedunn 3,

t he, upper part. _The heat required for the .reaction,
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i gui d i I t ofz the,.C 0 j e
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controlled to be about 230C. The reaction liquid was
sorpariodsich dendvimch firorhiehénbetnain difameiter, 1 m in
continuous mnul ti-stage distillation columm_3 through

t hethg felrowy deratk uthd 13 edanith Doy Pagking Hmme)
tal ' din.th tion .liquid, Al
Rt s Ser R iy e, AFBRCL I B pgtlie
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th um t hroug , and then it was

| i qtied i ety stheagoohylied aodtinpolidlpffrcm whe storage
renmoved continuously to a storage tank 8 at 5 g/ Hr
landtande J2eso thvds distibdation choumhsi8d land dhecol um

(ref lux ratio=2). The liqui,d renoved to the storage
t ankeAY Sis P E%ﬁp%’s”é&?f’&% BRehBE : VBRI P3FE% by

wei ght, dibu&%g reaction was carried out by supplying
continuously through a line 13 the reaction liquid, -
which was removed from the bottom of the continuous

15 multi-stage distillation column 3 through the line 10
to the storage tank 12, to the continuous multi-stage
distillation column 15 at 100 g/Hr after preheating
with a preheater 14. The heat required for the
reaction and distillation was supplied by circulating

20 the liquid in the lower part cf the column through a
line 22 and a reboiler 24, and the temperature at the
bottom of the multi-stage distillation column is
controlled to be. about 220°C.

The reaction liquid was continuocusly removed

25 from the bottom of the continuous multi-stage
distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liguid

mixture containing dibutylcarbonate as a by-product was



car bonat e: about 50% by wei ght, butyl phenyl

carbonate: about 12% by wei ght, di phenyl carbonate:
about 0.2% by weight, 1-butanol: about 0.6% by wei ght
and the 105 catalyst. The liquid renoved to the
storage tank 8 was conposegiof 1-butanol: about 90%
by wei ght, phenol: about 7% by weight, and dibutyl
carbemates faonuthgokery OﬂmﬂhghF01Bmﬂ¢¥hﬁ°%9mearé&@?lbﬁf
in the continuous lti- di, edlst 4 0on olumwé%c’f
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age col"'um as ‘1 n the case of

the g PPAtddIone FebE i wsd age1l1%edi 8bi thatdi¥ticakgton3,
vvas conposed of a condensation part, which is 2 inch

Bn ¢tbkummt @efiuxdravee<es),. 0.5 m in the col urm | engt h

and filled with 10 stages of sieve trays, nE{he
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react| on Tiquid containing the catal yst was supplied
conthrvenile: fabonkt bes shwragehtankThe igquid semoved to
distillation colum 15, and the recovery part was _20
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[Purification of diaryl carbonate]
Purification of diaryl carbonate was carried
15 out with a device shown in Fig. 2. The distillation
separation was carried out by continucusly feeding the

liquid, which was removed to the storage tank 24,

through a line 25 passing a preheater 26 at about 100
g/BEr to about 0.1 m above the middle stage of a
20 continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 1 m.
The heat required for the distillation
separation was supplied by circulating the liquid in
25 the lower part of the column through a line 34 and a
reboiler 35, and the temperature at the bottom of the
multi-stage distillation column was controlled to be

about 210°C. The bottom liquid was continuously removed




25 to the storage tank 12, to the continuous
multi-stage distillation columm 15 at 95 g/ H after
preheating with a preheater 14. The heat required for
the reaction and distillation was supplied by
circulating the liquid in 16 the |l ower part of the
colum through a line 22 and a reboiler 24, and the

t erfpmmathecbat tomeofhdtheosebt inkeus multi-gtage
distillation colum was controlled to be_ about, 220C.
5 THetiddation FeH ashEsHeh n%&ﬁjsqlﬁ‘er &fob8d™ ¢ r om

thes@o@a%%"};%ﬂkts]ﬁ ﬁg\tbial%#oagz Ji-stage distillation

colum roug e O a storage tank 24 at

about 19 g/ Harté¥ temdvifigl @¥oROthe NP @IfNthel béLith

m xture contai ni ng di butyl carbonate as a by 10 product
Sasthremghedhér bime Has t afheoflishel Tataiwas Riqughied By ne
16, and then it was l'iquefied_by a cooler 17, and a
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20 at 76 _g/H and the rest was refluxed to the

di i3 g?iaglég?ﬁﬁnghr “'ux ratio=4). 15 The liquid
removed to thfeSi RHAAE AetidedirdBthe HBIAYRILRAK 33 is
di butyl carboﬁgte: about O.§@6by mé?ght, §%utyl phenyl

cardsnpised afodibwtih marwengbe;: abgitere bycaebohtt e:
about 14% by wei ght and also the catalyst. The Iliquid
19 eriovd pbenid savpenpte:amkond H6% omrighy.2dippenyl
1- but anol : about 0.7% by wei h% phenol : about 33% by
wei GHHEOTRE | dPBARY | 7 2 B ¥ Ehout 65% by wei ght,
butyl phenyl -£ar BORALEra ARAUL IO LY P AN ol 1 0GPOR ¢
or the Iike were round 1n e drstiTlTation colum on
by continuously feeding the liquid,. which was
continuously removed to the storage tank 33, through a
15 1line 37 passing a preheater 38 at about 100 g/Hr to the
middle stage of a continuocus multi-stage distillation
column 39, which was a column filled with Dixon packing
(6 mm¢) with an internal diameter of 2 inch and a length
of 2 m. The heat regquired for the distillation
20 separation was supplied by circulating the liguid in
the lower part of the column through the line 46 and
reboiler 47, and the temperature at the bottom of the
multi-stage distillation column is controlled to be
about 230°C.
25  The bottom liquid was continuously removed
from the bottom of the continuous multi-stage

distillation column 39 through a line 46 to a storage

tank 48 at about 8 g/Hr. After removing from the top




I nspection. 25 [Purification of diaryl carbonate]
Purification of diaryl carbonate was carried out wth
a device shown in Fig. 2. The distillation separation
was carried out by continuously feeding the 107
liquid, which was renoved- txp3a he storage tank 24,
through a |ine 25 passing a preheater26 at about 192
g/ Heft habertun thyoupbyvehe heing d@ etbeadistilliate was
con&inuo s pylti-stage distil]ation colu 27 mhichS
n

was LAARBEI6M BY 13 S9°RPE LD 3h WREFERGVES FRRYIRMMS

i nternal _di r._of Lnc I th of 1 m The
heatgor %qﬁ?éé%’e% %Pn?hggd%gt%%%%n g9§gbar ation was
suppl i ed by ciHLulialh Bdréhévdd d EhenNstbhfgd ik Rarts
of the columm through a line 34 and a 10 reboiler 35,
and cbhposedpef atilutyat catieorrdid :ombolatt bt bynWeaighst, age
distillation colum is controlled to be about 210C
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to a storage tank 33 at about 102 g/H. The liquid
remabedtt® ppme. 20 storage tank 33 is conposed of

di butyl carponate: about 0.6% by weight, butyl phenyl
car FERBREAL LY X9 hg  wei ght, di phenyl car bonat e:

abo%5rggggggbﬂwgéﬂyfbmatic carbonate}_

Aromatic carbonate was produced using a
device shown in Fig. 1. The reaction was carried out
by supplying continuously at a rate of about 100 g/Hr,
through the preheater 2 and the transport line 1, a
mixed solution consisting of dibutyl carbonate, phenol
and, as a catalyst, di(phenyl saliCYlaté)
titanate-diphenolate (molecular weight: 660, wvapor
pressure: 1 Pa or below at 230°C) (the mixed solution in
which the ratio by weight of dibutyl carbonate an
phenol was adjusted to about 65/35, and Ti as atoms was
adjusted to about 10,000 ppm of the whole ligquid) from
the middle stage of a.continuous multi-stage
distillation column 3, which is composed of the
condensation part, which is 2 inch in the internal
diameter, 6.5 m in the column length and filled with 10

stages of sieve trays, and the recovery part which is 2



The distillation separation was carried out by
continuously feeding the |iquid, which was 25

conti nuously renoved to the storage tank 33, through a
line 37 passing a preheater 38 at about 101 g/Hr to

the mddle stage of a contigauous multi-stage
distillation colum 39, which was a col.um filled

W thnchxtmlqhnﬂﬁHManaloéiimhuﬁmw)1wmthnaﬁh¢rHQiumm length
di aneter of 2 inch_and a Ie m The heat
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about 9% Db ght. Wiite liquid that was solidified
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from the bottom of the continuous multi-stage
distillation column 3 through the line 10 to a storage

15 tank 12 at 95 g/Hr. The catalyst was dissolved in the
reaction liguid.

After the low boiling point liguid mixture
containing 1-butanol as a by-product was removed from
the top of the column through a line 4, and then it was

20 liquefied by the cooler 5, and a part of it was removed
continuously to a storage tank B at 5 g/Hr and the rest
was refluxed to the distillation column (reflux
ratio=2).

The liquid removed to the storage tank 12 was

25 composed of phencl: about 26% by weight, dibutyl
carbonate: about 50% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl carbonate: about 0.2% by

weight, 1l-butancl: about 0.6% by weight and the



carbonate was below the detection limt. The analysis

of the liquid indicated that Ti content was about 0.8

ppm Inspection of the distillation colum reveal ed no
deposit or the like. Exanple 2 [Production of aromatic
carbonate] Aromatic carbonabe was produced using a 109
device shown in Fig. 1. The reaction was carried out

by %%W%ﬁtng é@ﬁtlw&m%ﬁ"ﬁweé Eat ehefstarage £ank/ fivas
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elemagﬂnanaly5|s C=50.5, H=9.5, O 21 1, Ti=18.9;

since oxygen derived fromBuO is 16.8, the nunber of
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catal yst was dissolved in this 15 mxture) fromthe
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colum 3, which was conposed of a condensation part,
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'ntfﬁrgﬂe(363Gﬁheien&tﬁndﬁbtéTil%ﬁlHf@hlfﬂmgééges of sieve
trays, and the recovery part which is 2 inch in the

internal diameter, 1 m in the column length and filled
15 with Dixon packing (6 mm¢$), and the condensation part
was disposed in the lower part of the stage where the
reaction liquid containing the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part wés
20 disposed in the upper part.

The reaction was carried out'by supplying
continuously through a line 13 the reaction liquid,
which was removed from the bottom of the continuous
multi-stage distillation column 3 through the line 10

25 to the storage tank 12, to the continuous multi-stage
distillation column 15 at 95 g/Hr after preheating with
a preheater 14. The heat required for the reaction and

distillation was supplied by circulating the liguid in




and filled with Di xon packing (6 m®). The
condensation part was disposed in the |ower part of
the stage where the m xture liquid was supplied

conti nuously, and the.recovery part was 25 disposed in
t he upper part. The heat rempéred for the reaction
and distillation was supplied by circulating the
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conti nuously renmoved fromthe bottom of the
conabbueus2ond.ti -stage 5 distillation colum 3 through

the line 10 to a storage tank 12 at 90 g/ Hr. The
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the | ow boil.in oint liquid mxture _containing
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and the rest was refluxed to the distillation columm
(refliquxd mbttwel .c@dntaThéngi dibutylearbodate dafaa by- -

storage tank 12 15 was conposed of phenol: about 23%
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renoved e storage tank 8
tank 20 at 76 g/Hr and the rest was refluxed to the

distillation column (reflux ratio=4).

15 | The liquid removed to the storage tank 24 was
composed of dibutyl carbonate: about 0.3% by weight,
butyl phenyl carbonate: about 38% by weight, diphenyl
carbonate: about 14% by weight and also the catal?st.

The liquid removed to the storage tank 20 was composed

20 of 1-butanol: about 0.7% by weight, phencl: about 33%
by weight, and dibutyl carbonate: about 65% by weight,
butyl phenyl carbonate: about 1% by weight. No deposit
or the like were found in the distillation column on
inspection.
25 [Purification of diaryl carbonate]

Purification of diaryl carbonate was carried
out with a device shown in Fig. 2. The distillation

separation was carried out by continuously feeding the



20 conposed of 1-butanol: about 99% by wei ght, phenol:
about 0.5% by wei ght, and di butyl carbonate: about
0.2% by weight. After the reaction in the continuous
multi- stage distillation colum 3, .the reaction was
carried 25 out using a contignuous nulti-stage
distillation colum 15. The conti nuous nmul ti-stage

di stilanadi owhieh m rsmoved to thee stezragef tame 24,
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out by conti nuousl suppl ying through™a line 13 the
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the continuous nulti- stage distillation colum 3

thr seghilee 35 nent) the tewpasatunsg age thankotfom taf tthe
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from the bottom of the continuous multi-stage

distillation column 27 through the line 34 to the

15 storage tank 36 at about 90 g/Hr.
After removing from the top of the celumn
through the line 28, the distillate was liquefied by a
cooler 29 and was removed continucusly to a storage
tank 33 at about 102 g/Hr. The liquid removed to the
20 storage tank 33 is composed of dibutyl carbonate: about
0.6% by weight, butyl phenyl carbonate: about 73% by
weight, diphenyl carbonate: about 26% by weight.
The distillation separation was carried out
by continuously feeding the ligquid, which was
25 continuocusly removed to the storage tank 33, through a
line 37 passing a preheater 38 at about 101 g/Hr to the
middle stage of a continuous multi-stage distillation

column 39, which was a column filled with Dixon packing




the liquid in the lower part of the columm through a

20 line 22 and a reboiler 24, and the tenperature at

the bottomof the nulti-stage distillation colum was
controlled to be about 220C. The reaction liquid was
conti nuously renoved framjgee-bottom of the

continuous multi-stage 25 distillation-colum 15
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liquefied by a cooler 41 and was removed continuously
to the storage tank 44 at about 82 g/Hr.

The liquid removed to the storage tank 44 is
composed of dibutyl carbonate: about 0.7% by weight,
butyl phenyl carbonate: about 90% by weight, diphenyl
carbonate: about 9% by weight. White liquid that was
'solidified at ambient temperature was continﬁously
removed to a storage tank 48 and contained diphenyl
carbonate: abocut 100% by weight, and butyl phenyl
carbonate was below the detection limit. The analysis
of the liquid indicated that Ti content was about 0.8
ppm. Inspection of the distillatién column revealed no
deposit or the like.

Example 2
[Production of aromatic carbonate]

Aromatic carbonate was produced using a




l'iquid, which was renoved to the storage tank 24,
through a Iine 25 passing a preheater 26 at about 192
20 g/Hr to about 0.1 m above the mddle stage of a
continuous multi-stage distillation columm 27, which
was a colum filled with Dagen packing (6 mm) with an
internal dianeter of 2 inch and a length of I m The
headeviewpuishoynf on Fie. di st |'I1hleatf13®ﬂts@pa’fa@t COFTHAE Wt
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about 26% by weight. The distillation separation was
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was continyous|y renoved to the storage k 3
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mul §
as atoms was adjusted to about 10,000 ppm of the whole

liquid, and this catalyst was dissolved in this

15 mixture) from the middle stage of a continuous multi-
stage distillation column 3, which was composed of a
condensation part, which was 2 inch in the internal
diametei, 0.5 m in the column length and filled with 10
stages of sieve trays, and a recovery part which was 2

20 inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mm¢) .

The condensation part was disposed in the
lower part of the stage where the nmixture liquid was
supplied continuously, and the recovery part was

25 disposed in the upper part. Ihe;heat requiréd for the
reaction and distillation was supplied_by ¢irculating
the liquid in the lower part of the COluﬁn through a

line 10 and a reboiler 11, and the temperature at the



distillation colum 39, which was a columm filled wth
Di xon packing (6 m®) with an internal dianmeter of 2
inch and a length of 2 m The heat required for the 20
distillation separation was supplied by circul ating
the liquid in the |lower patd of the col.um through
the line 46 and reboiler 47, and the tenperature at
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o Tk HoPEgB0( GHE 44 The cabpbiis e dHigegved T the
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carboif: 8 paUt 90% by wei ght, di phenyl carbonate:
about 9% by wetghthdWid.e bloliqwhg b&Bie vxa.s;u&al hikéhed
at anmbient tenperature was coniinuously renoved to
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about 100% by weight, and butyl phenyl carbonate was
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d'sééﬁﬂfﬂdd%%ly to the storage tank 8 at 19 g/Hr and the

rest was refluxed to the distillation column (reflux
ratio=1.9). The liquid removed to the storage tank 12

15 was composed of phenol: about 23% by weight, dibutyl

carbonate: about 56% by weight, butyl phenyl carbonate:

about 12% by weight, diphenyl carbonate: about 0.2% by

weight, l-butanol: about 0.3% by weight and aléo the

catalyst. The liquid removed to the storage tank 8 was
20 composed of l-butancl: abcut 99% by weight, phenol:

about 0.5% by weight, and dibutyl carbcnate: about 0.2%

by weight.
After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
25 out using a continuous multi-stage distillation column
15. The continuous multi-stage distillation column 15,

as in the case of the continuous multi-stage

distillation column 3, was composed of a condensation




colum on inspection. Exanple 3 [Production of
aromati c carbonate] Aromatic carbonate was produced
using a device shown in Fig. 1. The reaction was
carried out by supplying continuously at a rate of
about 109 g/ Hr, through theipreheater 2 and the
transport line 1, a mxed solution consisting of
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filled with 10 stages of sieve trays, and a recovery
pardisdildavdesn Zoloah 13, tand itheereabvekanstrer wag min
10 the colum length and filled with D xon packing (6
1imiispomad dongBRSEPPYN BRHt- was di sposed in the

| ower part of  the stage where the gixture |jqui.d was
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was removed from the bottom of the continuous multi-

stage distillation column 3 through the line 10 to the

15 storage tank 12, to the continuous multi-stage
distillation column 15 at 100 g/Hr after preheating
with a preheater 14. The heat required for the
reaction and distillation was supplied by circulating
the liquid in the lower part of the column through a

20 1line 22 and a reboiler 24, and the temperature at the
bottom of the multi-stage distillation column was

controlled to be about 220°C.

The reaction liguid was continuocusly removed

from the bottom of the continuous multi-stage
25 distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liquid

mixture containing dibutylcarbonate as a by-product was

removed from the top of the column through a line 16,




15 reaction and distillation was supplied by
circulating the liquid in the |ower part of the

colum through the 1line 10 and reboiler 11, and the
tenperature at the bottomof the multi-stage
distillation columm was contxolled to be about 230G
The reaction liquid was 20 continuously renoved from.
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was cbi el [k tReieopj er 5, and a part of it was |
removed continuously to the storage tank 8 at 19 g/ Hr

and the rest mhzslnqﬁﬁdxeeh¢vndtdmetﬂbsstbtagé(hankomanwas
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column on inspection.
[Purification of diaryl carbonate]

15 Purification of diaryl carbonate was carried
out with the device shown in Fig. 2. The distillaticn
separation was carried out by continuously feeding the
liquid, which was removed to the storaée tank 24,
through a line 25 passing a preheater 26 at about 192

20 g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm$) with an
internalldiameter of 2 in¢ch and a length of 1 m. The
heat required for the distillation separation was

25 supplied by circulating the liquid in the lower part of
the column through a line 34 and a reboiler 35, and the
temperature at the bottom of the multi-stage -

distillation column is controlled to be about 210°C.




continuous multi-stage distillation colum 15, as in
the case of the continuous nmulti-stage distillation 15
colum 3, was conposed of the condensation part, which
is 2 inch in the internal dianeter, 0.5 min the
colum length and filled wagh 10 stages of sieve
trays, and the recovery part which is 2 inch in the
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continuously removed to the storage tank 33, through

15 the line 37 passing a preheater 38 at about 101 g/Hr to
the middle stage of the continuous multi-gtage
distillation column 39, which was a column filled with
Dixon packing (& mm¢) with an internal diameter of 2
inch and a length of 2 m. The heaﬁ required for the

20 distillation separation was supplied by circulating the
liquid in the lower part df the column through the line
46 and reboiler 47, and the temperature at the bottom
of the multi-stage distillation column is controlled to
be about 200°C.

25 The bottom liquid was continuocusly removed
from the bottom ¢f the continudus multi~stagé
distillation column 39'through the line 46 to the

storage tank 48 at about 19 g/Hr.




tank 24 at 17 g/H. After the low boiling point liquid
m xt ure containi ng di butyl carbonate as a by- product
was renmoved fromthe top of the colum through a |ine
16, 15 and then it was liquefied by the cooler 17, and
a part of it was renoved-cprfi-nuously to a storage
tank 20 at 83 g/Hr and the rest was refluxed to the
di stillati on Aftsmumemeréng| fxon diieo£8p. ofhehe | griivgn
renpyed to the . storage_ tank, 24 was conposed of,
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Nodeposit or the like were found in the distillation
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deposgit or the like were found in the distillation
column on inspecticn.
Example 3
[Production of aromatic carbonate]

Aromatic carbonate-waS-produced uging a
device shown in Fig. 1. The reaction was carried out
by supplying continuously at a rate of about 1092 g/Hr[
through the preheater 2 and the tramnsport line 1, a
mixed solution coﬁsisting of dibutyl carbonate, phenol
and, as a catalyst, an organic polytitanpxan
composition (Matsumoto Trading Co. Ltd. Orgatics TA-22)
containing but?l‘titanate dimer [(BuO);-Ti-0-Ti- (OBu);]
(molecular weight: 550; vapor pressure: 1 Pa or below

at 230°C) (the mixed sclution in which the rati¢ by



the columm through the line 34 and reboiler 35, and
the tenperature at the bottom of the multi-stage
distillation colum is controlled to be about 210C.
The bottom Iiquid was continuously renoved fromthe 15
bottom of the continuous mihsi -stage distillation
columm 27 through the line 34 to the storage tank 36
at wedghit of0 dgbREyl Afaxhonadepandgphensd twas @djustedheo
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supplied continuocusly, and the recovery part was

disposed in the upper part. The heat required for the
15 reaction and distillation was supplied by éirculating
the liquid in the lower part of the coclumn through the
line 10 and reboiler 11, and the temperaﬁure at the
bottom of the multi-stage distillation column was
controlled to be about 230°C. The reaction liquid was
20 continuously removed from the bottom of the continucus
multi-stage distillation column 3 through the line 10
to a storage tank 12 at 90 g/Hr. After the low boiling
point liquid mixture containing l-butancl as a by-
product was removed from the top of the column through
25 a line 4, and then it was liquefied by the cooler 5,
and a part of it was removed continucusly to the
storage tank 8 at 19 g/Hr and the rest was reéfluxed to

the distillation column (reflux ratioc=1.9).



about 230C. The bottom |iquid was continuously renoved
fromthe bottom of the continuous nmulti-stage
distillation colum 39 through the line 46 to the
storage tank 48 at about 8 g/H. After renoving from
the top of the colum throyglg the Iine 40, the
distillate was |liquefied by the cooler 41 and was
renoved cont iTheoddtypidorennvest gragbet avdrage fankbadt was

92 g/Hr. The liquid removed to the storage.tank 44 is
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a rate of about 109 g/Hr, through a preheater 2 and a
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dibUtiﬁ carbonat e, phenol and, as a catalyst,
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continuous multi-stage distillation column 15, as in
the case of the continuous multi-stage distillation

15 column 3, was composed of the condensation part, which
is 2 inch in the internal diameter, 0.5 m in the column
length and filled with 10 stages of sieve trays, and
the recovery part which is 2 inch in the internal
diameter, 1 m in the column length and filled with

20 Dixon packing (6 mm¢), and the condensation part was
disposed in the lower part of the stage where the
reaction liquid containing the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was

25 disposed in the upper part. The reaction was carried
out by supplying continucusly thrqugh the line 13 the
reaction liquid, which was removedffrcm_the-bottom of

the continuous multi-stage distillation column 3




which the ratio by weight of dibutyl carbonate to 10
phenol was adjusted to 65/35, and Ti as atons was

adj usted to about 10,000 ppm of the whole Iliquid) from
the m ddl e stage of a continuous nulti-stage
distillation colum 3, whighi7was conposed of a
condensation part, which was 2 inch in the internal 15
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removed from the top of the column through a line 16,

15 and then it was liquefied by the cooler 17, and a part
of it was removed continuously to a storage tank 20 at
83 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4). The liguid removed to the
storage tank 24 was composed of dibutyl carbonate:

20 about 5% by weight, butyl phenyl carbonate: about 74%
by weight, diphenyl carbonate: about 10% by weight and
also the catalyst. The liquid removed to the storage
tank 20 was composed of i-butanol: about 0.3% by
weight, phenol: about 18% by weight; and dibutyl

25 carbonate: about 81% by weight. No deposit or the like
were found in the distillation column on inspection.
[Purification of diaryl carbonate]

Purification of diaryl carbonate was carried




tank 8 at 19 g/Hr and the rest was refluxed to the
distillation colum (reflux ratio=l.9) 10 The |liquid
renoved to the storage tank 12 was conposed of
phenol : about 23% by wei ght, dibutyl carbonate: about
56% by wei ght, butyl phenyhigarbonate: about 12% by
wei ght, di phenyl carbonate: about 0.2% by weight, |
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reaction wasS car
distillation column is controlled to be about 210°C.
The bottom liquid‘waS'continuously removed from the
15 bottom of the continuous multi~stage'distillatien
column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.
After removing from the top of the column
through the line 28, the distillate was liquefied by
20 the cocler 29 and was removed continuously to a storage
tank 33 at about 80 g/Hr. The liquid removed to the
storage tank 33 is composed of dibutyl carbonate: about
6% by weight, butyl phenyl carbonaté: about 86% by
weight, diphenyl carbonate: about 7.5% by weight. The
25 distillation separation was carried out by continuously
feeding the liquid, which was continuocusly removed
continuously to the storage tank 33, through the line

37 passing a preheater 38 at about 100 g/Hr to the
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out by continuously supplying through a line 13 the
reaction |liquid, which was renoved fromthe bottom of
the continuous nulti-stage distillation colum 3 10
through the line 10 to the storage tank 12, to the
conti nuous multi-stage di-stiakl ati on columm 15 at 100
g/ Hr after preheating with a preheater 14. The
heaft‘#%lﬁ rsé@gﬁopft Hee rmm@@uanmul@i wiageadighihdation

ZS? {5y 92 - cubin 197 qug i bhibed sk, viggs PRrking
Ehneh NG ﬁ ?ﬁ%ﬁa&lt g]ﬁgﬁet’gft@fnrpflntcﬁ and 2 m

nulél-stage tion colum was contro

abouénA#.C. The reactlon [iquid was conti nuously
renmoved fromthe bottom of the continuous nulti-stage
20 distill at The beatmeds rteldr foghthtedignidl22ipp a
storage tank 24 at 17 g/Hr. After the |ow bailin
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continuously to a storage tank 20 at 83 g/ Hr and the
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ratio=4). The liquid renoved to the storage tank 24
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the top of the column through the line 40, the
distillate was liquefied by the cooler 41.and was
removed continucusly to the storage tank 44 at about 92
g/Hr. The liquid removed to the storage tank 44 is
composed of dibutyl carbonate: about 6% by weight,
butyl phenyl carbonate: abocut 94% by weight. White
liquid that was solidified at ambient temperature was
continuously removed to the storage tank 48 and
contained diphenyl carbonate: about 100% by weight, and
butyl phenyl carbonate was below the detection limit.
The analysis of the liquid indicated that Ti content
was below the detection limit. No deposit or the like
were found in the distillation column on inspection.
Comparative Example 3

[Production of aromatic carbonic acid ester]




about 81% by wei ght. No deposit or the |ike were found
in the distillation columm on inspection.
[Purification of diaryl carbonate] Purification of

di aryl carbonate was carried 10 out with a device
shown in Fig. 2. The distillation separation was
carried out by continuously feeding the |iquid, which
was renpved thromesist gaalg@natemwampmtih%@gwiala |ane_ 25

pas r eheat er t out - 10 / H to ahout
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required for the distillation separation was supplied

1By ebluuiemicqpaﬂa£1h§qqfdd1butykada@henapeftphﬁn012©nﬂhe
col um through a line 34 and a reboiler and t he

t enper at SRR sttahélsamwm TthHe Phgppride ag‘ewmax Co.

di stil was . GOt oII 0 10C.
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colum 27 through the line 34 to the storage tank

at wabonttRé HtHo b weighe sl idiguitydncatisodate ao the
colum through the line 28, the distillate was

10| gebened Waﬁzﬁdngﬁtedobbeﬁ5£§§,aﬁduhw%3 peNBVALE was
continuously to_a stora tank 33_at b ut 80 ,
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distillation column 3, which was composed of a

condensation part, which was 2 inch in the internal

15 diameter, 0.5 m in the column length and filled_with 10
stages of sieve trays, and a recovery part which was 2
inch in the internal diameter, 1 m in the column length

and filled with Dixon packing (6 mm¢) (at the time of

supplying, the catalyst was dissolved in the solution).
20 The condensation part was disposed in the
lower part of the stage where the mixed solution was
supplied continuously, and the recovery part was
disposed in the upper part. The heat reguired for the
reaction and distillation was supplied by circulating
25 the liquid in the lower part of the column through a
line 10 and a reboéiler 11, and the temperature at the
bottom of the multi-stage distillation column was

controlled to be about 230°C. The reaction liquid was



5 wei ght, diphenyl carbonate: about 7.5% by wei ght.
The distillation separation was carried out by
continuously feeding the Iiquid, which was _
continuously renoved to the storage tank 33, through
a line 37 passing a preheater 38 at about 100 g/Hr to
the mddl e stage of a 10 continuous nul ti-stage

di seprtinuausloorennved, fxgn dhe hattancof tihe fdontdguous
w th Pi xon packi.ng. nmd) wi.th an jnternal di,anet
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tenperature at the bottomof the nmulti-stage
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The bottom i quid was continuously renoved fromthe
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liquefied by a Cooler 41 and was renoved conti nuously
to #betFlndtagh callmdd (péfAbotatId=0/8Y. The liquid 25
renoved to a storage tank 44 is conposed of di butyl

1@ar bonat e: alfthet 1ldgubg venayed touthe prerade dankoAdt was
about 94% by weight, Waite |iquid thatwas sqlidified
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bel g¥out Ne2l@hedelight| | #ghentie cABBbiats: afbdute ol. 2gubg
weight, l-butanol: about 0.5% by weight and the

15 catalyst. The ligquid removed to the storage tank 8 was
composed of l-butanol: about 99% by weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%
by weight.

After the reaction in the continuous multi-

20 stage distillation column 3, the reaction was carried
out using a continuous multi—stége distillation column
15. The continuous multi-stage distillation column 15,
as in the case of the continucus multi«sﬁage
distillation column 3, was composed of a condensation

25 part, which is 2 inch in the internal diameter, 0.5 m
in the column length and filled with 10 stages of sieve
trays, and a recovery part which is 2 inch in the |

internal diameter, 1 m in the column length and filled



indicated that Ti content was 0.8 ppm No deposit or
the like were found in the distillation colum on

i nspection. Exanple 4 [Production of aromatic
carbonate) Aronmatic carbonate was produced using a
device shown in Fig. 1. Thezpeaction was carried out
by supplying continuously at a rate of about 109 g/ Hr,
t hrough Dixenepagktng 2( G menda , t aRG s (candeasatign pagty

| ut i sting of dibutyl capbanate, phepol and
as "% ALARSES AR Iy AMETBRYE Dhridia PG, BORFF ofe
N ROR 15008 1001 g L ghe & Lo s Gl
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or &sitiMuius2F0Erom (the JtoradeSohtk i ON o tMiisch the
rati o by weight of dibutyl carbonate to phenol was
adj distted e ieboaol @i 35, amd Theareenrny wagtawpast ed
to about 10, 000 ppm of the whole liquid, and this ,
cat%&%&ﬁsﬁﬂaénngngRRRFiﬂﬁthisT§61€ﬁ?Qﬁ§°q=W8ﬁ1FﬁErled

m ddl e .stage.of a ntin s.mulil- e.distiLl ation
coliﬁﬁ1§¥ é%ﬁtéﬁuagéf 5ﬁﬁ%§§angfLék%%ﬁgg%égﬁﬁoggpg%%,
Whi £dh Waor? 1586041 Nl 18 iWalse rRRAbvEl 3RIE 'theD bet Bk Nof
the colum ength and filled with 10 stages. of sieve
tr ayise contdnaocnecauBtly-giaige dhstblaisich icedlomnnit he
internal dianeter, | min the colum |ength and
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condensation part.was di s 0%33 in, the |ower _par
oS icp. PoLE 1 5e%ags SR T aalion oot 1870t 2ho
g/Hr after preheating with a preheater 14.
The heat required for the reaction and
distillation was supplied by circulating the liguid in

15 the lower part of the column through a line 22 and a

reboiler 24, and the temperature at the bottom of the

| multi-stage distillation column was controlled to be
about 220°C. The reaction ligquid was continuously
removed from the bottom of the continuoﬁs multi-stage

20 distillation column 15 through the line 22 to a storage

tank 24 at 17 g/Hr. After the low boiling point liguid

mixture containing dibutylcarbonate as a by-product was
removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
25 it was removed_continuously to a storage tank 20 at 83
g/Hr and the rest was refluxed to the distillation

column (reflux ratio=4). The liguid removed to the

storage tank 24 was composed of dibutyl carbonate:




conti nuously, and the recovery part was di sposed in
the wupper part. The heat required for the reaction
and 5 distillation was supplied by circulating the
liquid in the |Iower part of the colum through a |line
10 and a reboiler 11, andiphe tenperature at the
bottomof the multi-stage distillation colum was
coraliit 5§ by vweighhodhutyiophenyk ¢axkanass:| pRevE Tk
conti nuqusly renmoved fromthe bottqm.of. the
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| - butanol as a by-product was 15 renoved fromthe top
5f phencdol abnut h1®udhy avdiight , 4and adibutiydn carbonste:
l'iquefied by the cooler 5 and a part of it was
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and.tﬁg rest ef luxed to th [ stidlation colum
(reﬁnl %&Fngiééﬁ?n Pqu?%%éggﬁéféd to the -

st ofmpe ik idd ¥RSaiHYIPRaedopbe@henol : about 23% by
wei ght, dibutyl carbonate: about 56% by wei ght, butyl

phenyl carborakeficathiord oF2%ibyyhetaitignatiepwarytarried
carbonate: about 0.2% by weight, 1-butanol: about
10. 3wthywikdi gheleuhee t4howrs igaFagys?. THhe Gigtidlatheved

to the stqrage tank 8 was  conposed, of 1-butanql: .
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through a line 25 passing a preheater 26 at about 100

g/Hr to about 0.1 m above the middle stage of a

15 continucus multi-stage distillation column 27, which
was a column filled with Dixon packing (6 mm$) with an
internal diameter of 2 inch and a length of 1 m. The
heat required for the distillation separation was
supplied by circulating the liguid in the lower part of

20 the column through a line 34 and a reboiler 35, and the

temperature at the bottom of the multi-stage

distillation column was controlled to be about 210°C.
The bottom liquid was continuously removed from the
bottom of the continuous multi-stage distillation

25 column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.

After removing from the top of the column

through the line 28, the distillate was ligquefied by a




stage distillation colum 3, the reaction was carried
out using a continuous nulti-stage distillation colum
15. The continuous multi-stage distillation colum 15,
5 as in the case of the continuous multi-stage
distillation colum 3, was j@anposed of a condensation
part, which is 2’inch in the internal dianeter, 0.5 m
i n chelem|Afmandewae hremevdd dondinhensly tn fyesognge

sieve trays, and a_recovery part . whi¢ch is 2 inch jn
hetaB< 13 i APOUF BBt S 1 APen LB S oremAY ach gy Fhfind
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catal yst was supplied continuously fromthe storage
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recovery part was disposed in the upper part. The

r eafipohllatdopasepagat ven AP SAFELeHngut I iGnRsdarpusly
th ca i 3 tion liguid. which wa
 rEORHTE S ASaB0t: ot B Ao cEBREPHIMIAY AT S, Ko

di sti Ll atd I h+t i , t he
ot or Bt ap FeHRT a7 Phicl I Ib e b it
di spréhedtern 3w0okeMabdbt at ool QY Hrgkbr thé tRiddiee aliengt a
Wth a preheater 14. The heat required for the
10eaconbinwaws myilsti-btage ohiatdd lagppni edlumn A9 cwhachng
the liquid_in 25 the |lower_ part of the colu t hr ough
a | FAB 2XUima fidhed| vith Pixong PARkIRG nife ik ¥15R a0

cont ot ST Hyahiatesibe: 2 S0 Sl 31 bedid B LT e

~continuously tigBheat required for the distillation

separation was supplied by circulating the liquid in

15 the lower part of the column through a line 46 and a
reboiler 47, and the temperature at~£he'bottom of the
multi-stage distillation column was controlled to be
about 230°C. The bottom liguid was continuously removed
from the bottom of the continuous multi-stage |

20 distillation column 39 through the line 46 tc a storage
tank 48 at about 8 g/Hr. After removing from the top
of the column through a line 40, the distillate was
ligquefied by a cooler 41 and.was-removed'continuously
to the storage tank 44 at about 92 g/Hr. The ligquid

25 removed to a storage tank 44 is composed of dibutyl
carbonate: about 6% by weight,'butyl phenyl carbonate:
about 94% By weight. White liguid that was solidified

at ambient temperature was continuously removed to a




renmoved fromthe bottom of the continuous nulti-stage
distillation colum 15 through the l'ine 22 to a
storage tank 24 at 17 g/Hr. After the | ow boiling
point liquid mxture containing dibutylcarbonate as a
by- product was 5 renoved frxgp t-he top of the colum
through a line 16, and then it was liquefied by a
coostprage tank aﬂBpami Gﬁnt¢¥n%§11@§ﬁﬁvédc%¥}?ﬂﬁ%ﬁmu§wut
and the res

F of RABYGPY ety Snl buby bPheryk darbpaate as Betow
rat gsthor Ihe i g}i'g)n‘.jmre”@{@daﬁaﬁlfﬂﬁ 9 Eherssank 24

was conposed o carb
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di phenyl carbonate: about 10% by MEIght and the

cat ahgslikdheetd diouddr énovies disttildastionageiummion 20
was ,conposed of 1-butanol: about 0.3% by weight, 15
pheﬁBFPeﬁbHﬁ! 185 by wei ght, and dibutyl carbonate
abo t g’b wei ght. [Purification of diaryl

car 5%3? %urlfication of diaryl carbonate was
CarQbﬁgdué%ﬁoﬂméﬂ1d%oﬂﬁ!h@eciiﬁﬁﬁbﬂeﬁ Fig. 2. The
distillation 20 separation was carried out by

conti nuously Xweeditig thebbnaite dvasiproluvaed usimy/ed to
the storage tank 24, through a line 25 passing a

pr edeuiece ggown ish&ig. 100 Tereastigouras, qa!fﬁlas’o@@t
the. m ddl e shgge of .a continuous nulti-sta
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circulating the liquid in the |ower part of

as a catalyst, an organic polytitanoxan composition

{(Nippon Soda Co. Ltd. B-4) containing butyl titahate
tetramer (molecular weight: 970; vapor pressure: 1 Pa
or below at 230°C), (the mixed solution in which the
ratio by weight of dibutyl carbonate to phencol was
adjusted to about 65/35, and Ti as atoms was adjusted
to about 10,000 ppm of the whole liquid, and this
catalyst was dissolved in this solutien) from the
middle stage of a continuous multi-stage distillation
column 3, which was composed of a condensation part,
which was 2 inch in the internal diameter, 0.5 m in the'
column length and filled with 10 stages of sieve trays,
and a recovery part which was 2 inch in the intermal
diameter, 1 m in the column length and filled with

Dixon packing (G'mm¢).




129 the colum through a line 34 and a reboiler 35,
and the tenperature at the bottomof the nulti-stage
distillation colum was controlled to be about 210C.
The bottom liquid was continuously renoved fromthe 5
bott om of the continuous mubgi-stage distillation
colum 27 through the line 34 to the storage tank 36
at about 20TheHrongensatiognperhgvds chhapesedo éanoth'% he

colum through the line 28, the distillate was
T BB S T0F U D878 Eha LR, 385 Bupplied

con t
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phenyl carbonate: about 86% by weight, diphenyl
sardistdtldatdbauvad . S9pgli edebghtirdka tinglithei Ligtidnin
separation was carried out by continuously - feeding
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of 2 m The heat required for the distillation
18 epegmaviegh fwan thepbotbrbypyicithe ucamtirglquﬁe “Milqél'ratw\e
the_ | ower. part of_the colum through a line 46 and
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bot |qu was cont i nuous
reniéﬁﬂilon liquid. After the low boiling peint liquid
mixture contairiing l-butanol as a‘by-producﬁ was

15 removed from the top of the column through a line 4,
and then it was liquefied by the cocler 5, and a part
of it was removed continucusly to a storage tank 8 at
19 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=1.9).

20 The liquid removed to the storage tank 12 was
composed of phenol: about 23% by weight, dibutyl
carbonate: about 56% by weighﬁ, butyl phenyl carbonate:
about 12% by weight, diphenyl carbbnate: about 0.2% by
weight, 1l-butanocl: about 0.3% by weight and the

25 catalyst. The liquid removed to the storage tank 8 was
composed of 1-butanol; about 29% by weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%

by weight.



fromthe bottom of the continuous multi-stage 130
distillation colum 39 through the line 46 to a
storage tank 48 at about 8 g/Hr. After renoving from
the top of the colum through the line 40, the
distillate was |iquefied byathe cooler 41 and was
renoved continuously to the storage tank 44 at about
92 g/ Hr. The-Aﬁﬁgn &her§ﬂ00tmbn(iqIﬁbespénﬁbﬁuQ%ﬂﬂwu4$lr
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and butyl phenyl carbonate was bel ow the detection
IS mak. inhehansdsesicE ahet bentimpuous muddicatage t hat Ti
content was below the detection |limt. No deposit or
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was carried out supplying continuously at a rate

of agkayb, 189 & Hrecov%byoid@ht twieidi algeat eack BmdHehe
transport line 1, a mxed solution consisting of
I bingkroal biirmeterphénsl inaris cdupat depgth and filled
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reaction liguid containing the catalyst was supplied

continuously from the storage tank 12 tOjthis

15 distillation column 15, and the recovery part was
disposed in the upper part. The reaction was cafried
out by supplying continuously-through a line 13 the

reaction liquid, which was removed from the bottom of

the continuous multi-stage distillation column 3
20 through the line 10 to the storage tank 12, to the
continuous multi-stage distillation column 15 at 100
g/Hr after preheating with a preheater 14.
The heat required for the reaction and
distillation was supplied by circulating the liquid in
25 the lower part of the column th:ough.a line 22 and a
reboiler 24, and the temperature at the bottom of the
multi-etage distillation column was controlled to be

about 220°C. The reaction liquid was continuously




adjusted to about 65/35, and Tin as atons was adj usted
to about 10,000 ppm of the whole liquid, and this 131
cat al yst was dissolved in this solution) fromthe

m ddl e stage of a continuous nulti-stage distillation
colum 3, which was conposethedof a condensation part,
which was 2 inch in the internal diameter, 0.5 min

t he rsmewved nfrome fdieh bakston| of ctheyaomtipuguea gasl - adagee
trays, .and a recqvery_ part which wag,2 ipch in the
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supplied by circulating the liquid in the |ower part
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at 90 g/H. The catal yst was dissolved in the
Teastirvagei tankl 24AWasr conposeny dfoidibugybotarbonafis :d

m xture containing_|-butanpol as a %groduct was
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al the catalyst. The liquid removed to the storage tank
20 was composed of.l-butanol: about 0.3% by weight,
15 phenol: about 1B% by weight, and dibutyl carbonate:
about 81% by weight.
[Purification of diaryl carbonate]
Purification of diaryl carbonate was carried
out with a device shown in Fig. 2. The distillation
20 separation was carried out by continuousgly feeding the
liquid, which was removed tb the storage tank 24,
through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle stage of a
continuous multi-stage distillation column 27, which
25 was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a:length of 1 m. The
heat required for the distillation éeparation was

supplied by circulating the liguid in the lower part of



19 g/H and the rest was refluxed to the distillation
colum (reflux ratio=1.9). The liquid renoved to the
storage tank 12 was 132 conposed of phenol: about 23%
by wei ght, dibutyl carbonate: about 56% by wei ght,
butyl phenyl carbonate: abpiy 12% by wei ght, di phenyl
carbonate: about 0.2% by weight, 1-butanol: about

0. 3%hby codumgmttharmhgbhe Sivet3d \91d aThrebbiyer B % crandeghe
to the storage tank 8 was } conposed of 1-butanol:
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using a continuous multi-stage distillation colum

¥5. boheononf | the wontihtibus t mgkt idisttaigel df sohl tadiom 15,
as in the . case of the continuous multi-stage
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fil kadoudht thdi 2iqie RBCKLRE dfstiMateaRtst DEquefied by a
condensation part 20 was disposed in the |lower part of
lIthe copdge Mearel iwae rewpaved oroitigwictisdyntai ai stpudges
catal yst _was supplied continuously fromthe stora%e
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6% by weight, butyl phenyl carbonate: about 86% by

weighﬁ,-diphenyl carbonate: about 7.5% by weight. The

15 distillation separation was carried out by continucusly
feeding the liquid, which was dontinuously removed to
the storage tank 33, through a lihe 37 passing a
preheater 38 at about 100 g/Hr to thé middle stage of a
continuous multi-stage distillation column 39, which

20 was a column filled with Dixon packing (6 mm$) with an
internal diameter of 2 inch and a length of 2 m.

The heat reguired for the distillation

separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a

25 reboiler 47, and the temperature at the bottom of the
multi-stage distillation column is controlled to be
about 230°C. The bottom liquid.was continuously removed

from the bottom of the continuous multi?stage




25 out by supplying continuously through a line 13 the
reaction |liquid, which was renoved fromthe bottom of
the continuous nulti-stage distillation colum 3
through the line 10 to the storage tank 12, to the 133
conti nuous multi-stage distidd ation columm 15 at 100
g/ Hr after preheating with a preheater 14. The heat

r eqdii st il iatiorhealandt B@ntmiglditéﬁi Linei o6 Yo atorage
supplied by circulating the liquid in 5the|
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nultl- age Fon-col UM wad CORtTo

about gdPfed WL diRAChLP8r | & AUl YRS Qemava&%&{mnuously
renmoved from the bottom of the continuous nulti-stage

10 dbsthé| stoxmyec dlankn445at hatsoughtskegi/He . 22THe ldquid
storage tank 24 at 17 g/H. After the |ow boiling
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cont i nuous y t'o a Storage tank Hr and the

resatvasbieit wegeratube daﬁ&ddﬁa.&ﬂuavnslﬁoirme(d &lo laux
ratio=4). The liquid renoved to the storage tank 24
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limit. No deposit or the like were found in the
distillation ceolumn on inspection.

Comparative Example 4

[Production of aromatic carbonic acidreSter]

Aromatic carbonate was preoduced using a
device shown in Fig. 1. The reaction was carried out
by supplying continuously at a rate of abogt 109 g/Hr,
through the preheater 2 and the transport line 1, a
mixed solution consisting of dibutyl carbonate, phenol
and, as catalyst, monobutyltin butyloxide oxide
(molecular weight: 660 or above; vapor pressure: 1 Pa
or below at 230°C) (the mixed solution in which the
ratio by weight of dibutyl carbonate to phenol was
adjusted to about 65/35, and Tin as atoms was adjusted

to about 10,000 ppm of the whole liquid, and this




No deposit or the like were found in the distillation
25 columm on inspection. [Purification of diaryl
carbonate] Purification of diaryl carbonate was
carried out with the device shown in Fig. 2. The
distillation 134 separati arsiwas carried out by
continuously feeding the 1liquid, which was renoved to
t hecatalegfe wasndizgolvedrbughig Bpastenbafmmghe

PrERERAEF A o1k ot D21 28R e a8 o
di S%bguﬁﬁ PN »&ﬁ!eﬂ”ﬂ é7co $di o#AS 8BofiQL ANt iidr #,%Qt
Wi t xon ‘packi ng ? nm w th an internal di anmefer

of ¥hidklwaan@® ankcanghhtied ihvernbhedisiréter equis adihothe
the distillation separation was supplied by

&i r calamn nendtéd bhquEdlled twich d@eetpges of sik¥et hrays,
colum through a line 34 and a rebhoiler 35, and'the
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di sti jon_colum_js controlle o.b ut. 210C.
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bot H9RRfpddia g0l MMgUS mul ti-stage distillation 15
col umm Z%Jthrough the line 34 to the storage tank 36

at about 20 TyeHcondéhedt ienmartgwasodispesddinothiehe
colum through the line 28, the distillate was

10j qleveedrant #f thel svagd wiarendber ehBVER CR# SHOBLIRG
to a stprage 20 tank 33 at about 80.g/Hr._ The liquid
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gg:ggﬁ% géazg%gﬂtl‘hggg%g% i‘@chﬁrl[e’d ?Ut:y{hgrﬂyétion and
distillation was supplied by circulating the liquid in
the lower part of the column through a line 10 and a
15 reboiler 11, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 230°C. The reaction liquid was conﬁinuously
removed from the bottom of the.continuoua.mﬁlti-stage
distillation column 3 through the line 10 to a storage
20 tank 12 at 90 g/Hr. The catalyst was dissolved in the
reaction liquid. After the low boiling point liquid
mixture containing 1-butanol as a by-product was
removed from the top of the column through a line 4,
and then it was liquefied by the cooler 5, and a part
25 of it was remcved continuously to a storage tank 8 at
19 g/Hr and the rest was refluxed to the distillation

column (reflux ratio=1.9).

The liquid removed to the storage tank 12 was




wei ght, Bi phenyl carbonate: about 7.5% by wei ght. The
distillation separation was carried out by :
continuously 25 feeding the liquid, which was
continuously renoved to the storage tank 33, through
a line 37 passing a preheaser 38 at about 100 g/Hr to
the mddl e stage of a continuous nulti-stage _

di sePrpeRed pic phgnnl30abai A3 % by3sehaht a Horukrd

i ahgtafife 2 Rl ERE 5P e P LU, e cpiBBhace
WSS T 7Sl i, sastaiien sy urayiof

col wenghty QuPktanbil nea¥und 3 bieheiyRE Ak thed the
tenperature at the bottomof the nmulti-stage
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The bottom liquid was continuously removed fromthe
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col gpmydiymugh a line 40, the distillate was

liquefied by a cooler 41 and was renoved conti nuously
to a storage Afaek 4heateadmidn 92 ghelr coffttienddwguimtlti -
renoved to the storage tank 44 is conposed of dibutyl
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distillation_columnVB, was composed of a condensation
15 part, which is 2 inch in the internal diameter, 0.5Im
in the column length and filled with 10 stages of sieve
trays, and a recoveiy part.which is 2 inch.in the |
internal diameter, 1 m in the column length and filled
with Dixon packing (6 mm¢), and the éondensation pért
20 was disposed in the lower part of the stage where the
reaction liquid containing -the catalyst was supplied
continuously from the storage tank 12 to this
distillation column 15, and the recovery part was
disposed in the upper part. The réaction was carried
25 out by supplying continuousiy through a line 13 the
reaction ligquid, which was removed from the bottom of
the continuous multi-sﬁage distillation column 3

through the line 10 to the storage tank 12, to the



indicated that Sn content was 0.9 ppm No deposit or
the like were found in the distillation colum on

i nspection. Exanple 5 [Production of aromatic
carbonic-acid ester] Aronmatic carbonate was produced
using a device shown in Fiig3z 1. The reaction was
carried out 136 by supplying continuously at a rate
of apoLinu@e Guiti-stage distdliashont eelynmid atl 1Ag

1, a,m xed solution ,consjsting of djbutyl carbonate,
oheROE A eE P TEnSRELET Yk th & BARBEEEEE ning butyi
titanate hex r .
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distillation colum 3, which was conposed of ‘a :
lgondéasitlaiqracolunhi t5 veeough kb Likne R2 Ynesggrage

di anet er min _the colum le

0.5 | L ngth and, filled w,th,
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removed from the top of the column through a line 16,
and then it was liguefied by a cooler 17, and a part of
15 it was removed continuously to a storage tank 20 at 83
g/Hr and the rest was refluxed to the diétillation
column (reflux ratio=4). The liquid removed to the
storage tank 24 was composed of dibutyl carbonate:
about 5% by weight, butyl phenyl carbonate: about 74%
20 by weight, diphenyl carbonate: about 10% by weight.
The liquid removed to the.storage_tank 20 was composed
of 1-butanol: about 0.3% by weight, phenol: about 18%
by weight, and dibutyl carbonaté: about B81% by weight.
No deposit or the like were found in the distillation
25 column on inspection.
[Purification of diaryl carbonate]
Purification of diaryl carbonate was carried

out with the device shown in Fig. 2. The distillation




The condensation part was disposed in the |ower part
of the stage where the m xture was supplied

conti nuously, and the recovery part was di sposed in
the upper part. The heat required for the reaction
and 25 distillation was supphki ed by circulating the
liquid in the lower part of the colum through a line

10 SeRprAtic8hyABepaynied; qut mr fenpbrutusly feedpag the
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continuous multi-stage di'stillation colum 3 through

t heg Jihecl@ubatao st of agsove ahk h2dale HrageHot ahe
catal yst was dissolved in the 5 reaction liquid. After
5heC¢mNndumw5|mglp@r$mage(ﬂﬂ&tilﬁﬁkiqmechwﬂmnzﬁhngthh
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(reflux rati o=l . The liquid renbved to the storage
tankuﬂﬁliuﬂsbycempcatﬁtiﬁg;ﬂhenahquaboum 2 ollowerepaght , of
di butyl carbonate: about 56% by wei ght, butyl phenyl
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arfﬁﬁﬁﬁdtthJQﬁhu@dzﬁés continuously removed from the
bottom of the continuous multi-stage distillaticn
15 column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr.
After removing from the top of the column
through the line 28, the distillate was liqﬁefied by a
cooler 29 and was removed continuously to a storage
20 tank 33 at about 80 g/Hr. The liquid removed to the
storage tank 33 is composed of dibutyl carbonate: about
6% by weight, butyl §heny1 carbonate: about 86% by
weight, diphenyl carbonate: about 7.5% by weight. The
distillation separation was carried out by continuously
25 feeding the liquid, which was'continucusiy removed to
the storage tank 33, through a line 37 passing a
preheater 38 at about 100 g/Hr to the middle stage of a

continuous multi-stage distillation column 39, which




20 by weight. After the reaction in the continuous
multi- stage distillation colum 3, the reaction was
carried out using a continuous nulti-stage
distillation colum 15. The continuous nulti-stage
distillation colum 15, 25183 4in the case of the
continuous multi-stage distillation colum 3, was
conpesed oelumeofiddiesawith Dpsen pagkisy i(§ mméindttbnan
the .internal _diameter, 0.5 m in_the colum_| ength and
(1T HHeRPeh HAHEReSoR NEh RS JEPSPE Ofrh
recovery part i ' I E0 .t Is |
THERAS TemutROH bk (R ABLET dbicn

dianeter, 1 min € CO W th
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di sposed in the |ower part of the stage where the 5
r eacthieodowerupartic arft ahel nglule datalghsta Wase s4pEndch

continuously fromthe storage tank 12 to this
di stiePrALREN ol aNth the, taHBCTHeITR AR NP PRFEOTRE the
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reaghisr bheed d. ThRi gB- ¥R i&%@@a&?@%é%&@l&o%ﬁgved

the continuous multi-stage distillation colum
t hr dagh the botwon @ff @hkheoat Divges hlkildtage® t he

continuous multi-stage distillation colum 15 at 100
g/ HAigttélapiemeznlumyp Wiot hhooyghe Hdwe diing446 180 Thesnnage
required for the reaction and distillatiog was,_
suppirEdByati 3eUtath AgHrne MR FFIRVIPRe FOReT D AP
of to'?fetﬁg' HB’i‘u&Jgr%‘ﬁgﬂ h' Tgn%%@”q:fh% di8PPL e Sths
and the tenperature at’ t he bBotftom of "t hé
liquefied by a cooler 41 and was removed continuously
to a storage tank 44 at about 92 g/Hr. The liquid
removed to the storage tank 44 is composed of dibutyl
carbonate: about 6% by'weight, butyl phenyl carbcnate:
about 94% by weight. White liquid that was solidified
at ambient temperature was continuously removed to a
storage tank 48 and contained diphenyl carbonate: about
100% by weight, and butyl phenyl carbonate wag below
the detection limit. The analysis of the liquid
indicated that Sn content was 0.9 ppm. No deposit or
the like were found in the distillation column on
inspection.
Example 5
[Production of aromatic carbonic acid ester]
Aromatic carbonate was produced using a

device shown in Fig. 1. The reaction was carried out




mul ti-stage distillation colum was controlled to be
20 about 220C. The reaction |iquid was.continuously
renoved fromthe bottomof the continuous nulti-stage
distillation colum 15 through the line 22 to a
storage tank 24 at 17 g/ HrizéAfter the | ow boiling
point liquid mixture containing dibutyl'carbonate as a
by- pwoaupplm mntemoualfraﬁnat trateopfotbowe A GfHT,

thro line 16, = an n it, was |iquefi
cool g‘?"‘igh %‘ gf anga Jjine ém?eﬂl’é%%t?%dﬁ'\/
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was conposed of di butyl carbonate: about 5% by
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diphenil car bonate: about 10% by wei ght and 5 the
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in the distillation colum on inspection.
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mul tie- EhégﬁhéﬁéﬂlﬂduahlOEnQOihEH1é€EaIWEthaS dissolved in
this solution) from the middle stage of the continuous

15 multi-stage distillation column 3, which was composed
of a condensation part, which was 2 inch in the
internal diameter, 0.5 m in thejcolumn leﬁgth and
filled with 10 stages of sieve trays, and a recovery
part which was 2 inch in the internal diameter, 1 m in

20 the celumn length and filled with Dixon packing (6 mmé) .

The condensation part was diSpOSed in the

lower part of the stage where the mixture was supplied
continuously, and the recovery part was disposeﬁ in the
upper part. The heat required for the reaction and

25 distillation was supplied by circulating~the ligquid in
the lower part of the column through a line 10 and a
reboiler 11, and the temperature at the bottom of the

multi-stage distillation column was controlled to be




was a colum filled with D xon packing (6 mt+) with
an internal dianmeter of 2 inch and a length of 1 m
The 20 heat required for the distillation separation
was supplied by circulating the liquid in the |ower
part of the colum throughiihe line 34 and reboiler
35, and the tenperature at the bottom of the

mul @boytagaot.st Theareart bayl drhquiid waat centinuouglie

about 210C. _ 25 The bottom Li quid was conti nupusl
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distillate was liquefied by a cooler 29 and was
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g/H. The liquid renoved to the 5 storage tank 33 is
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the liquid, was conti nuously renoved to 10 the
St orEgatl R8K Behoddd @dghiaudbudey o pAStbPgge tank 8 at
preheater 38 at about 100 g/Hr to the m ddl e stage of
¥ déngi/Huoamd e irestayesdreflutest iton tbel dhst Bblation
which_ was a colum filled with D xon packing (6 nm)
wi t IFoAN™ f¥efHur m@tdfsteP) of 2 inch and a length of 2

m 15 The hea’f’hé X ri%d rfr(r)l v-%&etcgl %tel ls't?%hgg.tank 12 was

separation was supptied by circul ating e“Tiquid’in
compoeed of phenol: about 23% by weight, dibutyl
carbonate: about 56% by weight, butyl phenyl carbonate:

15 about 12% by weight, diphenyl carbonate: about 0.2% by
weight, l-butanol: about 0.3% by weight and also the
catalyst. The liquid removed to the storage tank 8 was

composed of 1l-butanol: about 99% by weight, phenol:

about 0.5% by weight, and dibutyl carbonate: about 0.2%
20 by weight.

After the reaction in the continuous multi-
stage distillation column 3, the reaction was carried
out using a continuous multi-stage distillation cclumn
15. The continuous multi-stage distillation column 15,

25 as in the case of the continuous multi-stage
distillation column 3, was composed of a condensation
part, which is 2 inch in the internal diameter, 0.5 m

in the column length and filled with 10 stages of sieve




the I ower part of the colum through a line 46 and a
reboiler 47, and the tenperature at the bottom of the
mul ti-stage distillation colum is controlled to be 20
about 230C. The bottom liquid was continuously renoved
fromthe bottom of the contizguous multi-stage _
distillation colum 39 through the line 46 to the

st oOEH@¥St sANd 48 TECONPEYIt Py /MhichalBe? frglbvithFher om
the,top of. the colum_thrpu the_line 40, the 2
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141 butyl phenyl carbonate: about 94% by wei ght.

Bhi reactiquildguigt consaswinglitheedatlyabiwas supplied
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continuous multi-stage distillation column 15 at 100
g/Hr after preheating with a preheater 14,

15 The heat required for the reaction and
distillation was supplied by circulating the liguid in
the lower part of the column through a line 22 and a
reboiler 24, and the temperature at the bottom of the
multi-stage distillation column was controlled to be

20 about 220°C. The reaction liquid was continuously
removed from the bottom of the ccntinueﬁs multi-stage
distillation column 15 through the line 22 to a storage
tank 24 at 17 g/Hr. After the low boiling point liquid
mixture containing dibutylcarbonate as a by-product was

25 removed from the top of the column through a line 1s,
and then it was ligquefied by a cooler 17, and a part of
it was removed continuously to a storagéitank 20 at 83

g/Hr and the rest was refluxed to the distillation




catal yst, an adduct wth phenol of phenyl titanate
tetramer [(PhO) 3-Ti-0-(Ti (0OPh)2-0)2-Ti-(0OPh)3] (result
of element analysis: C=65.2, H=4.8, 0=17.6, Ti=12.4
According to 1H NWR anal ysis, PhOH and PhO groups
exist at a ratio of 4:10. 13® one nol ecule, there are
4 Ti atoms and 3 oxygen atoms not derived from PhOH
andePhamn ginafdsx rabiors) . t %em}mﬁdo:emveﬂgmgthe

t d t he 3Ti-OTi .b
o B0 Bari 2o Bl ST ARL O ﬂébs'axahcff' o

m xeae Lo Y, SRR el ey Bt géﬁc’ab%‘*"?e”*

di be{ Ve LaithorBpAeh1 p@@fﬁ&naw aﬁdhtiSiw By wilight and
65/ 35, and Ti as atons was adjusted to about 10, 000

Bpntbé ¢dmivey.e Theul tiuichnEretviedgtof tiel statiaget ghnk
carbonat e, phenol and, as a catal yst, an adduct wth

pheRBl WaF GATRRPed; PE ahaPet analra ABPUL ?’h'{‘j Fyriwedght,

(T| h [ 3] {result .of | S:
Co8 STt 16%, BY ke si sna i PubR YRR
anabyém.s s Py 34gRPO NOWRDHRAiLSbratnd 18 Qle‘%fe found

4:10. In one m)IecuIe theré are 4 ' Ti atons and
oxygﬁnthatdxma:ma"atdeﬁl yeTurirt @n Rhepleatilo®hO gr oups
that is, the nunber of bridgi ng oxygen atons is 3,
1§nd[P%E¢E#Qﬁ&;On30fld@ﬁﬂylkﬂﬂﬂ§§ne%ﬁét mol ecul ar melght

w t hout the 10 adduct , phenol;, 1170; or pressure: ,
Pa or bel ow &urizageyd ‘F tq@rﬁﬁldﬂﬁ’éb‘g‘?a& w3ye Fﬁé’rled

Conpl,UpLS, THldelys 8! 3Gy 5 idloAt hon £pl Uil 1ullieh

was conpose condens: part, I'nch
in géﬁafﬁﬁfma)as éaa@é@routob@ Foh8ihheusn) Wekdinggthe

and filled with
liquid, which was removed to the gtorage tank 24,

15 through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle stage of a |
continuous multi-stage distillation columh 27, which
was a column filled with Dixon packing (6 mm¢$) with an
internal diameter of 2 inch and a length Qf I m. The

20 heat required for the distillation separation was
supplied by circulating the ligquid in the lower part of
the column through the line 34 and rebeoiler 35, and the
temperature at the bottom of the multi-stage
distillation column is controlled to be about 210°C.

25 The bottom liquid was continuouély removed from the
bottom of the continucus multi-stage distillation
column 27 through the line 34 to the storage tank 36 at

about 20 g/Hr.




15 stages of sieve trays, and a recovery part which
was 2 inch in the internal dianmeter, 1 min the
colum length and filled with D xon packing (6 mMm#).
The condensation part was di sposed in the |ower part
of the stage where the m xtiace was supplied 20
continuously, and the recovery part was di sposedin the
upper part. PHESFeXEMPEYLY rBEPY Ghe §OPr @RI PR
distillatjo s, _suppl i by, cicul atin he liquid in
e t5aarh Jthe T RR. cERe iR waF, iRt e By 8
rebaiphelr 1y ARfl Jaae rbRBPES AdHE Rboublls DOt4 AR dHagehe
25 nultri-stage dIStIF|atI0n col um was controlleg'to
be tahrui3 230 Gbolite sbegehit ON THeWiduwas rended Ll Thye
renmoved fromthe bottom of the continuous nulti-stage
@& setbrage orandol3dmis3composed athalibutpl 1carkbonatst:oedgut

143 tank 12 at 90 g/Hr, After the |l ow boiling pqint
|i q@FdPY n¥sidhte Qdi RRARY L -FRRRIREEeas2Bowy - Hrb et

was._ L ve t t ol,u r I i

o wek SRPL Sanrl il UR-haRa 00 oty 138 bR et | rhe
par i at 91144 i NRSSpRFBY €6n 4l | SH4QUBLY ohif By SéRHEAGRIoUS1y
tank 8 at 19 g/H and the rest was refluxed to the

di sttekbatg orhe cdlguid, (wkich ukag atcntihudhslif heematesl Lot
was di ssolved in_the liquid phase. The liqujd renoved

¥o the ste¥agp tamkk 332 hAsoudlD & diiPpeséd BRSHHAA :
bout 23% b ight, dib I b te:, t 56% b
oo BreRentey 3t mingpobh, b ot R ohe “ns el s of
di . : t 0610 5 e 1z but :
a'bggt‘éﬂ‘to‘%]gﬁ%%ftgﬁtﬁgﬁg d se@l’@l@tm\ﬁebg'ﬂﬁmn 3PULAIYN
was a ¢olumn filled with Dixon packing (6 mm¢) with an

internal diameter of 2 inch and a length of 2 m.

15 The heat required for the distillation
separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a

reboiler 47, and the temperature at the bottom of the

multi-stage distillation column is contfolléd to be

20 about 230°C. The bottom liquid was continuously removed
from the bottom of the continuous multi;stage
distillation column 39_through the line 46 to the
storage tank 48 at about 8 g/Hr. After removing from

the top of the column through the line 40, the

25 distillate was ligquefied by the cooler 41 and was
removed continuously to the storage tank 44 at abQut 92
g/Hr. The liguid removed to a storage tank 44 is |

composed of dibutyl carbonate: about 6% by weight,




catalyst. The liquid renoved to the storage tank 8 was
15 conposed of 1-butanol: about 99% by wei ght, phenol:
about 0.5% by wei ght, and di butyl carbonate: about
0.2% by weight. After the reaction in the continuous
multi stage distillation ca4am 3, the reaction was
carried 20 out using a continuous nulti-stage

- di sbutyitplsntblaarponate : TRieowto R4t byuve ket i - Shige
distillation colum 15, .._as.in the case of the :
conﬁilﬁﬁb SERRK tvfa-sstsgééaaffﬁ??lartaﬁ“&*eggl bRAPSrathire was
co o tLQn _ i 4 S i.heh in

e oA fnflondty” FUENSA! K8rend Yrorald Kank 48 A0F L gt
and cbihthefed diphedydt Eebofdt$! Rl A¥6% BPtvdlight, and
recovery part which is 2 inch in the interna

di alpetgl, plienyl rcarbenabkuwss |ailgvwh theddéteédetbn Wiimit .

Di xon packing (6 nmt), and the condensation part 144

was THFSBB%&SSjrﬁ(w dfh&heoddauid rindicated shap T it itte

reactiopn liqui.d containing,ihe catal yst was supplied
contRuBETS S AR EpBr LS ok, WBBoFEf St e Tixe
di stickbakb@ig Col Wie &3st@ifhd i IRAUMA" ¥nPRidpd@Sion ,
di sposed in the upper part. The reaction was carried
out Ergmpbepé yi ng conti nuously through a line 13 the
reaction liquid, which was renoved fromthe bottom of
t he [Eoptpatibern afulagomgtigecakbanid acidnegberim 3
through the line 10 to tpe storage tank 12, tp the 10
conti nuous mftfIMAEE2EPR TS HADRTOGHERA 1B 400
g/ H‘Eie%gérsﬂ% a3t 'ﬂgt.""zt. h :?hdé?r:%%acti%ﬁ bde dhE-NRPLuL

required for e reaction an
by supplying continuously at a rate of about 109 g/Hr,

through a preheater 2 and a line 1, a mixed solution
consisting of dibutyl carbonate, phenol and, as a
catalyst, an adduct with phenol of phenyl titanate
tetramer [(PhO);-Ti-0-{Ti{OPh);-0),;-Ti-(0Ph)i] {(result of
element analysis: C=65.2, H=4.8, O=17.6, Ti=12.4;
According to 'H-NMR analysis, PhOH and PhO groups exist
at a ratio of 4:10. In one molecule, there are 4 Ti
atoms and 3 oxygen atoms not derived from PhOH and PhO

- groups, that is, the number of bridging oxygen atoms is
3, and therefore 3 Ti-O-Ti bonds exist; molecular
weight without the adduct phenol: 1170; vapor pressure:
1 Pa or below at 230°C) (the mixed;solution‘in which the
ratio by weight ¢f dibutyl carbonate to phenol was
adjusted to about 65/35, and Ti as atoms was adjusted

to about 10,000 ppm of the whole liquid) éonsisting of




distillation was supplied by circulating the liquid in
the | ower part of the colum through a |line 22 and a

15 reboiler 24, and the tenperature at the bottom of
the nmulti-stage distillation colum was controlled to
be about 220C. The reactiofgdi quid was conti nuously
renmoved fromthe bottom of the continuous multi-stage

di stdibugyilonatbbnate.l Phencdughdt s |4 T@ta2ysb, aan adduct
stora After the | ow boilin

k /
TR Bhenol ot Rianvlo SLSRRRAE mmrcaasa%rarlag .

r t
Chy DoateEh) 199 € R ﬁhiﬁé.& Fr el SenhE Sp L
coolcarsslz,, abd. @ ity @f, Thki1¥es; rﬂmngoe& NuewR Y
to a storage tank 20 at 83 25 g/H and the rest was
ref lamedgrstie, t bisOMliaid [Fhat gooups odxist @teh lakio of 4:10.
ratio=4). The liquid renoved to the storage tank 24
vvas %ﬁﬁ@s@@léﬂhﬁ bhprec arpohat b atagigo andsd, pyygen

wei aremeaRbR AR i ROk vand WY SBPURE! orestkP
t he tGR! ALkBbr d: Pq#léybih%ano ﬁdaécgnstol'l §t OLA§C:r ore

20 was conposed o about @6 y wei ght

phernolri -8bout bd:5de lam\w,ghblea@phldlmtgwt GQ{:H@@ﬁttﬁze 5
about 81% by wei ght. No deposit or the |like were found

1 tadglugtsphenal i oril%ol wapovrp¥espers:i dnPa or below at
[Purification of diar carbonate] Purification of

di arzﬂo Ebr%‘ht‘:@%@édééﬁﬁwe &t thet AORE HBIRHS: WS
.0, hoezae RE e LaALAR § IFRAAY B U1
re”%@eh@aﬁb@n%ﬂt%g%htléﬂkwgéa inch in the internal
diameter, 0.5 m in the column length and filled with 10
15 stages of sieve trays, and a récévery.part which was 2
inch in the internal diameter, 1 m in the column length
and filled with Dixon packing (6 mm¢).
The condensation part was disposed in the
lower part of the stage where the mixture was supplied
20 continuously, and the recovery part was disposed in the
upper part. The heat required for the reaction and
distillation was supplied by ciréulating the liquid in
the lower part of the column through a line 10 and a
reboiler 11, and the temperature at the bottom of the
25 multi-stage»distillatipn ceclumn was controlled to be
about 230°C, The reaction liquid was continuously
removed from the bottom of the continuous multi-stage

distillation column 3 through the line 10 to a storage



through a |ine 25 passing a preheater 26 at about 100
g/H to about 0.1 m above the m ddl e stage of a
continuous multi-stage distillation columm 27, which

15 was a columm filled with D xon packing (6 mmt) with
an internal dianeter of 2 ij4qrh and a length of 1 m
The heat required for the distillation separation was
supSrpkdlByati ¢ @/Er. ngAther | theiilew hothéng avekntpdiguid
of the colum through line 34 and a rehoiler 35,

and "LHEUDS FRHAOG é'g‘c‘t?‘i’%l (R PoYoPTPRECT was

mul ti.- ee. i St lat.i - \\aS I L be
abo%te m%&%% fr%zgﬂk?lott? gmgﬁi (Eq% 35%5‘?@‘0 gﬁ?lﬂ{ﬁéﬂg u% %1_1{&0 4
remawadehepni ¢ s NaGLeFLed BaHOROLNEOUS, Nahd ia Haz@e
distillation colum 27 through the line 34 to the

$t opdgatt wak BHncated 2Bnbboutuddy d/cHa. shbtrage riamdvitngt
fromthe top of the colum through the Iine 28, the

di st PAFE 3RE §heyFestenagyrefl &P bhedistipslation
rempved continuously.to. a_storage 146. tank 33..at
abogt LB FE I At aat o T sl PEaTKEE B0 SRR
33 1§ Eﬁgppﬁﬁgr fordisRut yl carbonate: about = 6% by
meiéht, buty 6ﬁgﬁeﬁ carbonat e: about 86% by weight,
di phenyl car briatldquaBogemdvédotdy tiel gbbradéetdnk 12 was

distillation separation was carried out by

Idonrcompoasd yof fuhediodg asheut i 2Ak dy wieightwadibutyl

conti nuously renoved to the storage tank 33, through

a | CAEDSRARS ARAIta S68r BHeWE kFhtag BUEYAhBlenYbFPapqnaLs |

A £ 00, SRRV RSS! B .28,

W t RePyReN Paslddb1(:6aB8Bhe W ti% By weight and the
catalyst. The liquid removed to the storage tank 8 was

15 composed of l-butancl: about 99% by‘weight, phenol:
about 0.5% by weight, and dibutyl carbonate: about 0.2%
by weight.

After ﬁhe reaction in the continuous multi-

stage distillaticon column 3, the reaction was carried

20 out using a continuous multi-stage distillation column
15. The continucous multi-stage distillation column 15,
as in the case of the continucus multi-stage
distillation column 3, was composed of a condensation
part, which is 2 inch in the internal diameter, 0.5 m

25 in the column length and filled with 10 stages of sieve
trays, and a recovery part which is 2 inch in the
internal diameter, 1 m in the column length and filled

with Dixon packing (6 mm¢), and the condensation part



internal dianmeter of 2 inch and a length of 2 m The
heat required for the distillation separation was
supplied by circulating the liquid in the |ower part
of the colum through a line 46 and a 15 reboiler 47,
and the tenperature at theibsttom of the nulti-stage
distillation col'um was controlled-to be about 230C.
Thevasottispebeduin vhe lomweri pastsef thevgirege whenetthe
bottom of the continuouys nultj-stage distillation
col TRAFEIOMN RAGHYR FINRFAIIHDIERE CRERIYAT SR8 ﬁg@P?bﬂ
48 at g t ] Vj f top of
 neur ety Jekhm e HecRiR ERRe T4 (e 2P 2
|l qyefdiadaRYon 66Dk@H 5l and VRS r&FoMAd paekt Wagously
to a storage tank 44 at about 92 g/H. The liquid

5 endivaaebsied dAnstbe agepdmpard4 | The orgrogsdnofwas?28arried
di butyl carbonate: about 6% by weight, butyl henXI
car®h dive SURBSHENY 20 NNSUGAY . tRFPUEH 13 ddPe gﬂa? %ias
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car bonat e was ction limt. The analysis
of ¢Meudnithe LDféCcad esb that storagetaik was kel ohet he
detection limt. No deposit or the like were found in
10 hecahitsiiuduat mohttoétage olistddpationrcolpmmplbeat 100
(Preparation of the catalyst) To a reaction flask

equi e ikernPEelerting with ehBFaReRter 1% heating and

cooling deVi%%eaﬂgag“required for the reaction and

distillation was supplied by circulating the liquid in
the lower part of the column through a line 22 and a

15 reboiler 24, and the temperature at the bottom of the

multi-stage distillation column was’éontrolled to be
about 220°C. The reaction liguid was continuocusly
removed from the bottom of the continuous multi-stage
distillation column 15 through the line 22 to a storage

20 tank 24 at 17 g/Hr. After the low boiling peint liquid

mixture containing dibutylcarbonate as a by-product was
removed from the top of the column through a line 16,
and then it was liquefied by a cooler 17, and a part of
it was removed continuously to a sﬁorage tank 20 at 83
25 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4). The liguid removed to the
storage tank 24 was composed of dibutyl carbonate:

about 5% by weight, butyl phenyl carbonate: about 74%




ref lux condenser, 3400g (10 nol) of tetra-n-

but oxytitani um and 1700 g of n-butanol were added and
the liquid was cooled to a tenperature of 0C while
being m xed well. While maintaining the liquid
tenperature at 0C, a m xtungsof 90 g (5 nol) of water
and 2000 g of n-butanol was added slowy for 1 hour.
Af thy Weightd ddipbenyhearbepatst urloylasl Fa byeyeighgomd
and stirreq for 5 hours. ,The flask was .connected (o

a
r ot J8BE or TRE U IS RPPRVED\VER IR B5RTREF Bk
va i th.. f.ar theat f j

dovy i PrBBHef, o Erheablor PaboN ¢y 3865
|02Phéﬂ8ﬂﬁ RGN Dé% OOIRAIYRLS WRACAfhwy]l lcadbbiiate:
reducing the pressure to about 25K Pa while

Bai abaitnigly bigeweight d Needeppaitir er athe8(QGke\Wwene found
alnost all_the_distillates canme out, the tenperature
wasin dittedistanlgtion cpumengn LafPeeridthe pressure

duced to | . ft firm that th
ey ST et PPap. i ehoganonaeEhided 1o return to
nor mal pressgfe; E{‘S’%\Eﬂ?n [HTRELL YT Sar¥im e dsNedrE fed

roomtenperature (about 20C) to obtain 148 about 2750

g odutd wialre ay aelrbve valsealidn Fayi. d2. Thilee disgdlldatsom

catal yst A. The result of elenent analysis showed
1phasepdratdompysit farried Qutsry3opntingowsky Feedingsvhe

Ti: 17.4% and there is one Ti-O-Ti bond sinc g t he
nunbiRish SRGENvaE GRENSIRG SO FBF PHEFRIS SBRK dri ved
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continuous multi-stage diétillation‘column 27, which

15 was a column filled with Dixon packing (6 mmé) with an
internal diameter of 2 inch and a length of 1 m. The
heat regquired for the distillation separation was
supplied by circulating the liquid in the lower part of
the column through a line 34 and a reboiler 35, and the

20 temperature at the bottom of the multi-stage
distillation column was controlled to be about 210°C.
The bottom liquid was continuously removed fromfthg
bottom of the continuous multi-stage distillation
column 27 through the line 34 to the storage tank 36 at

25 about 20 g/Hr.

After removing from the top of the column

through the line 28, the distillate was ligquefied by a

cooler 29 and was removed continuously to a storage




as a main conmponent. 10 [Production of aromatic.
carbonic acid ester] Aronmatic carbonate was produced
using a device shown in Fig. 1. The reaction was
carried out by supplying continuously at a rate of
about 109 g/ Hr, through ailgeeheater 2 and a line 1, a
m xed sol ution 15 consisting of dibutyl carbonate,

phebrnk @i atagbgut o8 FAHR. The tagalq stemevednéontied
solution in_whi .the ratia b i ght. of di butyl

cor BTRAEE E5%n En ot ERmane, 8F ATPETh SineboBRkE: agpe
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t hi we SgHtt idiphehiyDned Asonateddaboat agesHibya wedaht nUOTISe
multi-stage distillation colum 3, which was conposed
6f &iswiidartden gmparation whaisckanated dwikiby wondnuously
i nternal dianeter, n the colum Ieng}h ang o

0.5 m i

fi1FeRARG (Fheo 1emades "G?r?-%l? &G8 rPayinueusly, Fegove
ich i nch_i n,ihe.. |
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di sposed in the 149 |ower part of the stage where the
m x¢tonteimesiss mppk i esttagotiistiddak yon arall unre 39ecehick
part was disposed in the wupper part, The heat
1Pequdd et gdumphEilded tWigh Rigondpackingt (ommpiswith an

o THETAL AaPREERRE 2 10 paat sttt oty

R
separation was supplied by circulating the liguid in
the lower part of the column through a line 46 and a

15 reboiler 47, and the temperature at the bottom of the
multi-stage distillation cclumn was controlled to be
about 230°C. The bottom ligquid was continﬁously removed
from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to the

20 storage tank 48 at about 8 g/Hr. After removing from
the top of the column through the line 40, the
distillate was liguefied by a cooler 41 and was removed
continuously to a storage tank 44 at about 92 g/Hr.
The liquid removed to a storage tank 44 is composed of

25 dibutyl carbonate: about 6% by weight, butyl phenyl
carbonate: about 94% by weight. White liguid that was

solidified at ambient temperature was continuously

removed to a storage tank 48 and contained diphenyl




about 230C. The reaction |iquid was continuously
renmoved fromthe bottom of the continuous nulti-stage
10 distillation colum 3 through the Iine 10 to a
storage tank 12 at 90 g/ H. The catal yst was

di ssolved in the reactioenikirquid. After the | ow
b0|I|ng p0|nt liquid mixture containin &%Y-butanol as

) Ahsut rb?ﬁﬁ/éw Meea‘hf-hea%pp 1t pBeR%l umm

t t by.th
cog%ez?oogmg;%%g “peto U e Al e B
to %[uaﬁng 1@% edl $ndtHri 208 iR rw%%t béa8w the
ref ux t ﬁatlon colum (ref | ux

ratdeﬂ:ébtgbn Thaitl quvsl d@mﬁ\iedofOtﬁé‘laﬁi@mge fenkd 12h
was 20 conposed of phenol: about 23% by wei ght,

di bthe/|distdiBenaor: cabout oB6imBpeokigmt , butyl phenyl
carbonate about 12% by wei ght, di phenyl carbonate:
abota P’y wei ght, 1 but anoI about 0.3% by wei ght

and gl so 1 catal.yst Jhauid removed to the
ot of S aheon R otHE arhly )

ag conp of 1-but anol : about 99%
by wei ght, Phengl readbit flap i{%&htwitﬁné dibptoe,

car bonat e: about 0.2% by m5|ght er the reaction

i N & htheamieimiete®| Sa Nuddt inkb@nds tegbing stevilcat mod aol um
3, the reaction was carried out using a continuous
mul ¥¢£bagondesser} al4 Wiy c(dloumﬁl) 18f tefac@Tt i nuous

t”‘ﬁ Lﬁ%%%%vatﬁfsa%é%hh%%s?t Ll ‘3@" stiPsPrtradt gifbsraReaand
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belng mlxed well. Whlle maintaining the liquid
temperature at 0°C, a mixture of 90 g'(S mol) of water
and 2000 g of n-butanol was added slowly for 1 hour.
After the addition the temperature was raised to 80°C
and stirred for 5 hours. The flask was connected to a
rotary evaporator equipped with a vacquﬁ controller,
vacuum pump and o¢il bath for heating after ccoling down
the liquid to room temperature {(about 20°C). The low
boiling point components were distilled by reducing the
pressure to about 25K Pa while maintaining the-liquid
temperature at 80°C. When almost all the distillates
came out, the temperature wag raised slowly to 230°C and
further the pressure was reduced to 1 Pa, and after
confirming that there were no distillate, nitrogen was
added to feturn to normal pressure and the temperature

was returned to room temperature (about 20°C) to obtain




in the colum length and filled with 10 stages of
sieve trays, and a recovery part which is 2 inch in
the internal dianeter, 1 min the colum |ength and
filled 10 with D xon packing (6 mmf), and the
condensation part was dispaged in the |ower part of
the stage where the reaction |iquid containing the
cat awtst 2D gupfl aenlal%amlmavouslsyow okquial.st Bhage
tani o this dlitl||atlon col u

i it & FaEaTEeti Apodt FROPRE Shclemst snghysis
reaghi ol WS CRLE! EnoOble fin JUPBLYEBGLEON] QS ¥,

t hr oug reacti on qur d,” whi'‘ch 'wa

rendy egk f ram tibe4hodbhontidre tile oﬁent_i DOOLES HBﬂdt lsa.at:age
distillation colum 3 through the line 10 to the

§t othgenurdiske ©Z, okpgeheatling extcieptiofisr mhe ioxygage

distillation colum 15 at 100 g/ H after preheating
Wi tﬁeﬁl‘fﬂ‘bﬁé@!"‘epuﬂwaq'hje afgé‘étnsltea'&n ?E@f“f?of {Thas the

react| n di st i, |on S su circul.atin
ne AN A, SRR P e R e 2o PBRURED b o Bighed
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the bottom o6f the ti-stage distil [ation col um was
conas ad lneid ecmeonghout 220C. The reaction |iquid was
continuously renoved fromthe bottom of the
1goniPreduist iy ©of- sromat 16 candostic| aatd gstanlum 15

through the lLine 22 to a stora tank 24 at 17 g/ Hr.
After the | oRTBBRFEGCHRIAYS HAPIPTARIGSH 8388t &1 ni ng

L DULY SEHORRL S5 43, O, PO Shalfon IR AT
| aypféshiPing ceft hudds12d & Ratt &f about 109 g/Hr,
through a preheater 2 and a line 1, a mixed solution

15 consisting of dikutyl carbonate, phenolrand,,as a

| catalyst, the catalyst A (the mixed solution in which

the ratio by weight of dibutyl carbonate to phenol was
adjusted to about 65/35, and Ti as atoms was.adjusted
to about 10,000 ppm of the whole liguid, and this

20 catalyst was dissolved in this soluticon) from the
middle stage of a continuous multi-stage distillation
column 3, which was composed of a condehsation part,
which was 2 inch in the internal diameter, 0.5 m in the
column length and filled with 10 stages of sieve trays,

25 and a recovery part which was 2 inch in the internal
diameter, 1 m in the column length and filled with
Dixon packing (6 mmé) .

The condensation partwwas-diapbaed in the



it was renoved continuously to a storage tank 20 at 83
g/H and the rest was refluxed to the distillation
colum (ref lux ratio=4). The liquid renoved to the
storage tank 24 was conposed of dibutyl carbonate: 10
about 5% by wei ght, butyl plaenyl carbonate: about 74%
by wei ght, diphenyl carbonate: about 10% by wei ght and
t helewgmipant. ofhthei geage regeegheomixeuns waggéupphked
20 was conposed of 1-butanol: about 0.3% hy wei

h
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aboibodd %t WeLAl! nedl AGRAYEL 8by! O | dife1RLahG!UN

in I'oncol unmh™ on 1 nspec
[ Puai ¢ caitdtamnotradi stppl il bynat ebubafidd adid Q3q@id in
di aryl carbonate was carried out with a device shown
Bn the.ldwerTipardi ofi thatdcadumm2@hrepah a4 | kimend® eadraed
out by conti nuously feeding the |iquid, which was

r enb¥RRL1eF tHe 3PS BlR temRerAturet Ak otRM BPYtioNeofsthe
passing. a preheater. 26 at abqut 100 g/ Hr t bout. 0.1
2B (aeR GapELyfakfin, Falthey e ot il B8 18-
di sgj t4 col | el hC i g1 dam AeYchil ed
Wi t%ﬁéﬁheoﬂnﬁ{;gcki?ﬁ%@(%%ﬁ%hwm%ﬁélén |ér€1[tc§r Eglﬁugi an%t er
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the distillation separation was supplied by

18i r distd I Ind itcme colyoi B | thudughl sher 1pae t10bftol B2 stphage
colum through a line 34 and a_reboiler_ 35, .and the

t enpRPatin &% HéHbot tDIf Grtef¥shures -diagpived in the
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mixture containing 1-butanol as a by-product was
removed from the top of the column through a line 4,

15 and then it was liquefied by the cooler 5, and a part
of it was removed continuously to a storage tank 8 at
19 g/Hr and the rest was refluxed to the distillation
column (reflux ratio=1.9).

The liquid removed to the storage tank 12 was

20 composed of phenol: about 23% by weight, dibutyl
carboﬁate: about 56% by weight, butyl phenyl carbonate:
about 12% by weight, diphenyl cafbonate: about 0.2% by
weight, 1l-butanol: about 0.3% by weight and also the
catalyst. The liquid removed to the storage tank 8 was

25 composed of l-butancl: about 99% by Weight, phenol:
about 0.5% by weight, and dibutyl'carbénaté: about 0.2%
by weight.

After the reaction in the continuous multi-



5 bottom of the continuous nulti-stage distillation
colum 27 through the Iine 34 to the storage tank 36
at about 20 g/H. After renoving fromthe top of the
colum through the line 28, the distillate was
liquefied by 10 cooler 291s0d was renoved
continuously to a storage tank 33 at about 80 g/ Hr.
Thestagpiiddatdddetion ccalmn St othgereasiki@s was canpbedd

of di butyl carbonate: about, ,6% by wej ght.,: bytyl

phePy¥ Wi A FEnt SBiRHe %%tws%a%?gﬁ{%ﬁwé | column
car bonat.ge ABaNLfoR6h Mel8lbe AG: 15 SISk Loabhds,
separation was carried out by c¢onfinluously eedl ng

thead i Gllithe WaiseNoPaehE UHHIMOBEEYmEBFDVRG g0 the
storage tank 33, through a |ine 37 passing a

Br efibstt il aiS oat cabowt I,0Gvay Homposed eofriad dlondenagbiof
a continuous nulti-stage distillation colum 39,

whi BRE D0 Whdsha 180k uimch iin ddeninkerpad iifmateryg fe5 m
m®) wi.th an __internal di r_.of inch.and a Length
of "4 el L $hofh i Fin Tewifn 11 hibee or B ELe
se i O i WAV VY D8 Lidei,d in

et Tty SShER SePrLAr rC VREEEILR S i, ey
25 1eboidsAr ddémesed, than tignpaeatol émat ldriyrbandomi died
the nmulti-stage distillation colum was controlled to
1pe wioRixppogackheg bt o) |, i §od dthecarsiensatdon| part
removed,, from_the bottom of the cgntinuous multi-s
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di s¢éhd #Rusdy from the storage tank 12 to this

distillation column 15, and the recovery part was

15 disposed in the uppér part. The reaction was carried
out by supplying continuously through a line 13 the
reaction liquid, which was removed from the bottom of
the continuocus multi-stage distillation.colﬁmn 3
through the line 10 to the storage tank 12, to the

20 continucus multi-stage distillation column 15 at 100

g/Hr after preheating with a preheater 14.

The heat required for the reaction and
digtillation was supplied by circulating the liguid in
the lower part of the column - -through a line 22 and a

25 rebciler 24, and the temperature at the bottom of the
multi-stage distillation column was controlled tb be

about 220°C. The reaction liquid was continuously

removed from the bottom of the continucus multi-gstage




l'iquefied by a cooler 41 and was renoved conti nuously
to a storage tank 44 at about 92 g/H. The liquid
renoved to the storage tank 44 is conposed of dibutyl
carbonat e: about 6% by wei ght, butyl phenyl carbonate:
about 94% by wei ght. Whiteasiaquid that was solidified
at anbient tenperature was continuously renoved to a

st o@h@*@ikmomscahum&ﬁ diread; sh@n%n% @D SPaestorage
bout . 100% b
Sorbap L Simaa AR, | A thE ARRRE SRBE e
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dl Stéhdwdd FroRObHENLSH &M HIRC b imn EXFRlgh & line 16,
(Preparation of the catalyst) To a reaction flask

equappechen tih wast Liquefied kyher nookéerl? .a dndati pgranclf
cooling device and a  reflux condenser, 3400 % nnlg
of %EtW%ﬁrFﬁW9YP€x9PF¥%ﬂHQHﬁL§h&01?06t@r%ﬁerﬁ Roft

of S Y PREE vt e arRg B RIS o e ©
1T 0l flyme e(’H% RakuLge 8- HC h@ K?H{zfdoé Jpgﬁs%cﬂ t61€h€0t)

of water 2000 g of n-butanol "was a slowy f
1 h@tlasragaAfﬂam nhewaﬁidrdmpme*dheft.emetﬂ Werbsmateal sed
to BOC and stirred for 5 hours. The flask was
leondeute bl byawelghtr youtpdp phenyl caubenate wiabous 74%
vacuum control ler, 154 vacuum pu and oil bath_ f

#PBa

heaY Mif @Mter SEBBEPRY CARRPRAERS F oG Yodgiaht %and
ten@&g aéal{:raelfs%bou&hgogqulcf]%ekn%Wed to the storage tank

20 was composed of l-butancl: about 0.3% by weight,
phenol: about 18% by weight, and dibutyl carbonate:

15 about 81% by weight. ‘No deposit or the like were found
in the distillation column on inspection.
[Purification of diaryl carbonate]

Purification of diaryl carbconate was carried
out with a device shown in Fig. 2. The distillation

20 separation was carried out by cbntinuously feeding the
liquid, which was removed to the storage tank 24,
through a line 25 passing a preheater 26 at about 100
g/Hr to about 0.1 m above the middle staée of ‘a
continuous multi-stage distillation column 27, which

25 was a column filled with Dixon packing (6 mm¢) with an
internal diameter of 2 inch and a length of 1 m. The
heat required for the distillation separation was

supplied by circulating the liquid in the lower part of




boi l i ng point conponents were distilled by reducing
the pressure to about 25K Pa whil e maintaining the
liquid 5 tenperature at 80C. \Wen alnost all the
distillates canme out, the tenperature was raised
slowy to 230C and furthenskhe pressure was reduced
to 1 Pa, and after confirmng that there were no
dlsth¢IQﬂl¥mnn¢hrggﬁh Jabineaddedndoar rekpilaro 3For Anfl the
pressure and the tenperature 10 masg£eturned to room
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20.7% and the nunber of bridging oxygen 15 atons was
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and there were 5 Ti-O Ti_ bonds. The nol ecul ar

vaSaBIE A HWELTBDERS gk e tatnn Fiewios 535k 46 at
230 Th catal yst B described above is presuned
to H °%.#ﬁk@%%§ contalnlng butyl titanate 20 hexaner

[ (BuO) 3-Ti -%&Ig&%& £ Hom( ORY) 8p a5 AHPR IS 1umn

conmponent. [Production of” aronmatic carbonlc acid

est efitoug @Mt léneagPpniie didk ipladecesk Usiqi@fded by
device shown in Fig. 1. The reaction was carried out
125 @gyobeuppasyiamgl waat rernoed ycomtiaup*a@by dfo aomréeg
[ Hr t hr oug reheater 2 and_a linpe 1
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adj gsted i gMRQUbutyl phenyl carbonate: about 86% by
weight, diphenyl carbonate: about 7.5% by weight. The

15 distillation separation was carried out by continuously
feeding the liquid, which was continuously removed to
the storage tank 33, through a line 37 passing a
preheater 38 at about 100 g/Hr to.the_middle stage of a
continuous multi-stage distillation column 39, which

20 was a column filled with Dixon packing {6 mm¢) with an
internal diameter of 2 inch and a length of 2 m.

The heat required for the distillation

separation was supplied by circulating the liquid in
the lower part of the column through a line 46 and a

25 reboiler 47, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 230°C. The bottom liquid' was continuocusly removed

from the bottom of the continuous multi-stage




65/ 35, and Ti as atonms was adjusted to about 10, 000
ppm of the whole liquid, and this catalyst was

di ssolved in this solution) fromthe niddle stage of

a continuous 5 nmulti-stage distillation colum 3,

whi ch was conposed of a cqmrgensation part, which was
2 inch in the internal dianeter, 0.5 min the colum

| en@i$itdidit ifon] cedumnt 3® thrugiethef lEneis thoags stanage
a recover part which was 2 inch in the intern
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part was disposed in the wupper part. The heatrequired
forté he steacigeonankdid Satdiatadt! aki gpEmas Thepligaddby

circulating the liquid in the lower part of the
col temeVYed Gylvhg Prarage tank 44 iebermeesed ofphabuhel
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col gMand fdHtOw@hpehgrhitéarakd coftanGbes Bgereniciiels $3 at
90 g/Hr. The catal yst was dissolved in the reaction

| i getoraghd ttemkt hé hody dantaimgdpdiphehyludarbomateur about

cont ai ni.ng 1-butanol as a by-product was 25 renpved
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limit. No deposit or the like were found in the
distillation column on - -inspection.
Exanple 8
(Preparafion of the catalyst)

- To a reaction flask egquipped with a stirrer,

a thermometer, a heating and cooling device and a
reflux condenser, 3400g (10 mol) of tetra-n-
butoxytitanium and 1700 g of n-butanol were added and
the liquid was cooled to a temperature cf-0°c‘while
being mixed well. Wwhile maintaining'the liquid
temperature at 0°C, a mixture of 216—g_(12 mol) -of water
and 2000 g of n-butancl was added-élowly for 1 hour.
After the addition the temperature was réised to 80°C

and stirred for 5 hours. The flask was connected to a

rotary evaporater equipped with a wacuum controller,




colum (ref lux ratio=1.9). The liquid renoved to the
storage tank 12 was conposed of phenol: about 23% by
wei ght, di butyl carbonate: about 56% by wei ght, butyl
phenyl carbonate: 5 about 12% by wei.ght, di phenyl
carbonat e: about 0.2% by wskght, 1-butanol: about

0.3% by weight and also the catalyst. The Iiquid
rermwam @We@@o@hbéoﬁl‘éhlﬁog heatiegrfegd copling down

wei G g AR5, 7 cammATALE e RORPTh 2800 Foe Tow”
vel gy i (20 nkNEoREARLIAY el ReeCOM NS eMUkihg che

st age P&t on , the reaction"was carrfed
OUt pHisd difF-ed £RO abbﬁuomsx rnﬂ wirigeageift siniddatthen1¢qtidam
15. The continuous nmulti-stage distillation colum 15,
35 tempenatareonti BOUUS ﬁm@niabmqgﬁaadﬂs&hb[éianhlliﬂeﬁnw
3, was conposed of a condensation part, whichis 2
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a recovery —pa p s
di 5Bl S rmihgMthit 20né A8 el B hgasimamd filcheden wils
Di xon packing (6 nmmp), and the condensat i on part was
di spddstl tion rellarhovernoalt paksshee samd echsheeapeheture
reaction liquid containing the catalyst was supplied
1@on¥asrsfairyiery 5t TeRn stamegaturankabout c?Ot“ﬁ? sto obtain

distill at | d the 25 t
i < 30 feotppers peiow EetRu B E hir oo
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r eac “renmoved from otto
t hegigwdd ftlﬂﬁléstﬁh” EbmSdi38on is ©: 48.3%, H; 9.1%, O:

21.9%, Ti: 20.7%, and the number of bridging oxygen
15 atoms was 5 since the oxygen atom derived from BuO was

16.1, and there were 5 Ti-0-Ti bonds. The molecular

weight was 1390 and the vapor pressure was 1 Pa or less
at 230°C. Thus the catalyst B described above is
presumed to be a mixture containing butyl titanate

20 hexamer [(BuO);-Ti-0O-(Ti(OBu);-0),-Ti-{0Bu);] as a main

component.
[Production of aromatic carbonic acid ester]
Aromatic carbonate was produced using a
device shown in Fig. 1. The reaction was carried out
25 by supplying contiﬁuoualy at a rate of about 109 g/Hr,
through a preheater 2 and a line 1, a mixed solution

consisting of dibutyl carbonate, phenol and, as a

catalyst, the catalyst B (in which the ratio by weight




157 distillation colum 3 through the line 10 to the
storage tank 12, to the continuous nulti-stage
distillation colum 15 at 100 g/ Hr after preheating
with a preheater 14. 5 The heat required for the
reaction and distillationisgs supplied by circulating
the liquid in the lower part of the col'um through a

| i nef 2¥ibutyla carbportert@phencd whs adinpatedt ¥oeaBPuthe
bot t f the .nulti-st di stillati | 1
cont 611 ot ThoaR oREGRR war, 081 U9RET o ARGHY (L10gRPG PP™
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contT nuous mul'ti=stage .distillation colum

thr oppd) ddiRitlioR§ 220t Ocite HitldAde sthg@hoP % alontingblk.
After the low boiling point liquid mxture containing

gi bt It C-etdageatiésadl hatiomproedunt daswiich evasy edmpoeed
the top of the columthrough a line 16, and then it
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storage ta 24 was tonposed of dibutyl carbonate:
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by wei ght, di phenyl carbonate: about 10% by wei ght and
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20 was conposed of 1-butanol: about 0, 3% by wei gh 25
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continuously, and the recovery part was disposed in the

upper part. The heat required for the reaction and

15 distillation was supplied by circulating the liquid in
the lower part of the column through a line 10 and a
reboiler 11, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 230°C. The reaction liquid was continuously

20 removed from the bottom of the continuocus multi~stage

distillation column 3 through the line 10 to a storage
tank 12 at 90 g/Hr. The catalyst was dissolved in the
reaction liquid. After the low boiling point liquid
mixture containing l-butanol as a by-product was

25 removed from the top of the column thrbugh a line 4,

and then it was liguefied by the cooler 5§, and a part

of it was removed continuously to a storage tank 8 at

19 g/Hr and the rest was refluxed to the dietiliation




[Purification of diaryl carbonate] 158 Purification
of diaryl carbonate was carried out with the device
shown in Fig. 2. The distillation separation was
carried out by continuously feeding the '|iquid, which
was renoved to the storageisgnk 24, 5 through a line
25 passing a preheater 26 at about 100 g/ H to about
0. 1IcodumbVireffuxnratie=ktHge of a continuous

ol umm' 11 TT e LHEBHS R "ﬁaztz%em 31'%%“'%&3? 12 vas
I mﬁéﬁésr%q%ﬁggg? t;?#algbstl | Pgt | %n separ atl g]l " e
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of the colum through a |ine 34 and a reboiler 35,

andabdet t25mber akiigkt atdighenydt tenbohatdie anguti OSE&gby
distillation colum is controlled to be about 210C.
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to a storage tank 33 at about 80 g/Hr. The |iquid
1penpwewkigiitt.-ne storage tank 33 is conposed of dibutyl
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out using a continuous multi-stage distillation column
15. The continuous wmulti-stage dis;illation column 15,

15 1like the continucus multi-stage distillation column 3,
was composed of a condsnsation-part. which is 2 inch in
the internal diameter, 0.5 m in the column length and
filled with 10 stages of sieve trays, and a récovery
part which is 2 inch in the internal diameter, 1 m in

20 the column length and filled with Dixon packing (6 mm¢),
and the condensation part was disposed in the lower
part of the stage where the reaction liquid containing
the catalyst was supplied continuously from the storage
tank 12 to this distillation column 15, and the

25 recovery part was disposed in the upper part. The
reaction was carried out by supplying continuously
through a line 13 the reaction liquid;.which was

removed from the bottom of the continuous multi-stage




feeding the liquid, which was continuously renoved to
the storage tank 33, through a line 37 passing a - 159
preheater 38 at about 100 g/H to the m ddle stage of
a continuous multi-stage distillation colum 39,
which was a columm filledisnth D xon packing (6 nmmt)
wth an internal diameter of 2 inch and a |length of 2
m diatiddaticngaeteh forthrioughi she|line dP toefhBPrati on

g i redl the | he |
R e (R L
t
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aboy+r 2 30GrehBgbertpym | i qui d was conti nuously reaned
fromthe bottom of the continuous multi-stage
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storage tank 48 at about g/ H . After renDV|ng from
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conpose butyl  carbonate: about 6% by wei ght,
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liquid that was solidified at anbient tenperature was
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mixture containing dibutylcarbonate as a by-product was
15 removed from the top of the column through a line 16,
and then it was liquefied by a_cqoler 17, and a part of
it was removed continuocusly to a storage tank 20 at 83
g/Hr and the rest was refluxed to the distillation
column (reflux ratio=4). The liquid removed to the

20 storage tank 24 was composed of dibutyl carbonate:

about 5% by weight, butyl phenyl carbonate: about 74%
by weight, diphenyl carbonate: about 105 by weight and
the catalyst. The liquid remcved to the storage tank
20 was composed of l-butanocl: about O.B%'by weight,

25 phenol: about 18% by weight, and dibutyl cafbonate:

about 81% by weight. No deposgit or the like were found

in the distillation column on inspection.

= [Purification of diaryl carbonate]




distillation colum on inspection. Exanple 9 :
(Preparation of the catalyst) 160 To a reaction flask
equi pped with a stirrer, a thernoneter, a heating and
cooling device and a ref |ux condenser, 3400g (10
not) of tetra-n- butoxytitaggum and 1700 g of

n- but anol were added and 5 the liquid was cooled to a
t enper at ure hrdCioatian dfeiddgrii xearhagidte Was| earried

mai ntai ning the liquid_ tenperature at QC, m. Xt ur e
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equi pped with a vacuum controller, ~vacuum punp and
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nitrogen was 20 added to return to normal ‘pressure and
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(about 20C) to obtain , about 2750,g of pale yellow
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temperature at the bottom of the multi-stage
distillation column is controlled to be about 210°C.

15 The bottom ligquid was continucusly removed from the
bottom of the continuous hulti-stage distillation
column 27 through the line 34 to the storage tank 36 at
about 20 g/Hr. '

After removing from the top of the column

20 through the line 28, the distillate was liquefied by a
cooler 29 and was removed continuously-to a storage
tank 33 at about 80 g/Hr. The liquid removed to the
storage tank 33 is composed 6f dibuﬁyl carbonate: about
6% by weight, butyl phenyl carbonate: about 86% by

25 weight, diphenyl carbonate: about 7.5% by weight. The
distillation separation was carried out by continuocusly
feeding the liquid, which was continuously removed to

the storage tank 33, through a line 37 passing a




25 20.4% Ti: 17.4% and there is one Ti-OTi bond
since the nunber of oxygen atons except for the
oxygen derived fromBuO was 1 against Ti atom 2. Thus
the catalyst A described above is presuned to be a

m xture 161 containing butiyge titanate di mer
[(BuO3-Ti-OTi (OBu)3) as a main conponent. To this
f | apkeheatens (36 pér abpwer Hfhw/&@r, tohthe | madledl staski A§ &

fjieé'aﬁgﬁ Pl d it BER60 AT SEAPR! ot ’-t“@ﬂ%ed #BSfhng
theL Cfg)l dg %H&ewﬂ!h §0Gon ééggl %Ided HW}) w2th an

di stl rated pheno

Aftgﬁtéﬂsala@hameee;r bhe2 lixsuu @ndas 18Rg¢RDbf @ 1n80C and
| ow boiling point conponents were 10 evapor at ed.  Wen

there was al riket haetdrequitest €ort bbe dbspicklaticon of
the liquid was slowy raised to 230C.to renpve
di SEEPREREIOT (aeh SHPPThed s Qd rRad at bng e d 4@ ic: g

{ eabBE TSR Eoof Pt Aot WL R publica FLEES et sl
15 IQS@J.ZEJ!? 47,28k d"ehe ! B turel atNEnOIboti@ of the

cooled to roomtenperature (about 20C) and the inside
pr emslt £- sfagd ddstiaskt vers dedtumnnedst comexrsirledro be
nitrogen. Solid substance of about 4300 g with red

or afgeue A W°Frg Tee batiom Adduidhvas \eentimpopglyl yeroved

The resul.t of 20_el enent - gnal ysis showed that the
conﬁB%‘f‘t?% Rattem of 4thg, contjnggusmu i%l‘ﬁ)sa‘?rﬁ 14. 3%

Th b
i xELRLPLI i cn, cRRA 36CANE cRePLERLTES o DcBrage
di meank (A Q3-aboul- 8 g/Hr. After removing from the top

of the column through a line 40, the distillate was
liquefied by a cooler 41 and was removed continuously
to the storage tank 44 at about 92 g/Hr. The ligquid
removed to the gtorage tank 44 is éomposed of dibutyl
carbonate: about 6% by weight, butyl phenyl carbonate:
about 94% by weight. White liquid that was solidified
at ambient temperature was cdn;inuously removed to a
storage tank 48 and contained. diphenyl carbonate: about
100% by weight, and butyl phenyl carbonate was below
the detection limit. The analysis of the liquid
indicated that Ti content was below the detection
limit. No deposit or the like were found.in the
distillation column on inspection.

Example 9

(Preparation of the catalyst)




Ti (OPh) 3. 2PhCOH) as a mai n conmponent. 25 [Production of
aromati c carbonic acid ester] A m xture consisting of
di met hyl carbonate, phenol and, as a catalyst, the
catalyst C was continuously supplied as a liquid from
an inlet line 50 162 throughb a preheater 51 to the
location at 1 mfromthe top of a nulti-stage _
di still ati onTeoRureagLigs dRekneanirred with fheERTHRBS:
conposed of . acked colum with 4. m tall_ and_.3 inch
| ntbr RTINS ey & RETLRAVAPA EPRBARE FEWHEh A6 )
mad f,,.Stalnl st T, j Sfor the
rea%??lo%ffg}gﬁgﬁggﬂ I f\ﬁoo% (\r}gsﬁggz)p?lf gtgléuli)a)e/qheat ing the
| i bty iftagi At A8d Dfod ke cFOhuBULdXol tweard @ddetieand
(the liquid supply fromthe inlet line 50: 3.4 kg/Hr;
Sonplns i kiguidowashgodlefiith supphper@bee szfuto°C OwisBLle3%
by wej ght, PhOH=about 33.7% hy wei ght, catal yst
C=1RegireRyreline Wihife MALnraining Heve de@dtof t he

col um was abou C. the, SSHI he top_of

col (P ARORE B05 e e RESTEE Y o Pl S i
1. af$ 3w rfe%lgl h-ghtdhe WRackiaaBa s16wly ®¥xd1 hour.
contai ning I5 the conponent of the catalyst, and

net Aftephdryladdiai bnneie tampedapheayvas ardiceed €0 8bITh
were the reaction products, was obtained fromthe
1Botardn B3imafed £as Borenwe + hThgghlppkcRrsFonngcted tacr

o T RROFAE SR BARR, 24 B, ALV RIS RE S04 LOR,

G <To HRmeCBASTOEE peqHHes WBRELHR 406K (Roding dgm

thech@stighad kemp¥edl {&miBratirae (about 20°C). The low
boiling point components were distilled by reducing the

15 pressure to about 25K Pa while maintaining the ligquid

temperature at 80°C.  When almost all the distiilates
came out, the temperature was raised slowly to 230°C and
further the pressure was reduced to l.Pa, and after
confirming that there were no distillate, nitrogen was

20 added to return to normal pressure and the temperature

was returned to room temperature (about 20°C) to obtain
about 2750 g of pale yellow viscous liguid. This |
liquid is a catalyst A. The result of element analysis
showed that the composition is C: 52.3%, H; 9.9%, O:

25 20.4%, Ti: 17.4%, and there is one Ti-0-Ti bond since

the number of oxygen atoms except for the oxygen

derived from Bub was 1 against Ti atom 2. Thus the

catalyst A described above is presumed to be a mixture




57. Fromthis condensed liquid a | ow boiling point
product, nethanol, was obtained. The anmount of |iquid
25 renoved fromthe Iine 60 (average liquid
conmposition: nethyl phenyl carbonate=50 g/ KgHr,

di phenyl carbonate=0.4 g/ KgaHr) was about 2.3 Kg/Hr.
No deposit ~or the like were found in the distillation
col epntaimirg3 butpdpettanate [dRmers il ¢BRPlonTédf OaFbniRBW s!
carbonate), Aromati c carbonate was purified using a '
devie e CPRPRRGAt 2 The device was a continuous 5
mul ti-stage distik | c ' ( d of
a colum mﬁ?h Eh%%2%i¥ﬂ%e3%%rg8¥g%%?éﬁﬁg%g @ E?g'

hei Bédtind idndeeowi tAg RiesditePagldi PEf{6x "68Hdenser were
Distillation separation was carried out by feeding
thertattpached andvebe f Imitcheraal beetedt toredCl whielé0,
continuously 10 at a rate of about 100 g/Hr, through a
| i netPrigien aWhlenhkeerinpdhe diguidntempsasure at 80°C,
mul ti-stage distil]ati olum .27 at.the Jocation
abo&%o‘g.glg%oaﬂls ?ﬁeéj?ﬁ%dllclgd §F§gé‘?€ a%eéiatp?\egagi V&%
foraddiga dithirly al hPOeS AR AdARIVAS ERPPLIGH Phas
circulating the liquid in 15 the [ower part of the
col heacddneuglsotc ldme 134 264l ng rediaid @ompbnents wdwe
tenperature at the bottomof the nulti-stage

18i sevapomdted.coWben bere oms elmegttre bdistiddate210
The bottom |iquid was_ contjnuous removed fromthe

bot FHIRVRHUTE SEnERRULLBRIMEE. SLKLY SR Reg ) Aepo to
col Yo g/ éi@rtqliggtégeﬂut{}%z%él ‘rfnﬁt Pfaeid WL WnhaBKed5eo
r r the top ‘of e

Af t'er renovi ng om
the vacuum controller and vacuum pump, the pressure was

reduced slowly to 1 Pa and distillates were removed.

15 Then the flask was taken out of the oil bath, ccoled to
room temperature (about 20°C} and the inside pressure of
the flask was returned to normal by nitrogen. Solid
substance of about 4300 g with red orange coloring was
obtained. This was the catalyst C. The result of

20 element analysis showed that the composition is C:
64.5%, H: 4.5%, O: 16.7%, Ti: 14.3%. The catalyst C
described above is presumed to be a mixture ccntaining
phenol adduct of phenyl titanate dimer [(PhO);-Ti-O- |
Ti (OPh) ;-2PhOH] as a main component.,

25 [Production of aromatic carbonic acid ester]

A mixture consisting of dimethyl carbonate,
phenol and, as a catalyst, the catalyst C was

continuously supplied as a liquid from an inlet line 50




col um through a line 28, the distillate was |iquefied
by a cooler 29 and was renoved continuously to a
storage tank 33. Distillation separation was carried
25 out by feeding the liquid, which was renoved

conti nuously fromthe storage tank 33, continuously at
a rate of about 100 g/Hr, through a line 37 and the

pr ebkraugh 3¢ prebeater B Hde t@pagecatlgn chtl mudygom- the

164 nmulti- t ge di stil] at oI m
conpRR ol Lop e 3 4 IpkeRn el ‘i‘%l”dia&n\gg@?m in

and m. h { 0

TheFﬁ%'at3 s"lé%%?‘r eég &&f#e d(;los@t |§I ?agggn separ at [ o)r% ﬁ/ans'i
SUPpaiPhnd¥ GhesULAEsFEhT A ale@idei M ddQuiltVBR xBAS t
of the colum through a line 46 and a reboiler 47,
andpadieing efpamd) umadatos mealaless sfedlne mhlet hegtage

distillation colum was controll ed to be about 230C.
Ther%ﬁﬂ%%ﬂﬁIﬁqﬁuﬁbemE%aQﬁﬁﬂq|%9§U§F§t%%h%V§Hlﬂﬁénﬁﬂﬁﬁlled

bott om of _.the |nuo e dj stllla Lon

ol TiPeAr i sRENL AR Cinh el BRLEDE, ok e, R1BA by

Af t 0 ugk.
2 | Fhe SURATRETRNES, H R Mogbp Eeot 2@“%3‘*3@&29%? %
ands Waskd /v edmposit oo s thie0 1ag8iOr &g Iiyan bM¢4abEH31e
liquid renoved to the storage tank 44 contained nethyl
1phed§ |3 cdnbomedgbtat Ph@irabdoB3By 7hebyweidhite gashyvst
of the |I%W{d i ndi cated that Ti content. was bel ow_t he
det €t oh MMH/EI) No TR ISMPEIALIRE PF WAL EOBURE Fhe

tExhgcr:r%i[Lgnﬁx{s'sJa%t LBuE °£ 1%, ORnkNSPESHLY 2t RARESD | ¥E the
column was about 800 KPa, the reflux ratio was about 1.
As the result of the reaction, the ligquid containing

15 the component of the catalyst, and methyl phenfl
carbonate and diphenyl carbonate, which were the
reaction products, was obtained from'tha bottcm'53 of
the column through lines 58 and‘so; .The gas distillate
from a line 54 disposed on the top 52 of the column was

20 condensed by a condenser 55. A part of the condensed
liquid was refluxed to a distillation column 49 through
an inlet line 56, and the rest was removed from a line
57. From this condensed liquid a low boiling point
product, methancl, was obtained. The amount of liquid

25 removed from the.line 60 (average liquid composition:
methyl phenyl carbonate=50 g/KgHr, diphenyl
carbonate=0.4 g/Kg/Hr) was about 2.3 Kg/Hr. No deposit

or the like were found in the distillation column on




Aromatic carbonate was purified as in Exanple 9
except that the catal yst was changed fromthe

catal yst C to phenoxy titanate [Ti (OPh)41l (nolecul ar
wei ght: 420, vapor pressure: about 15 Pa at 230C). The
amount of the liquid (average conposition: nethyl -
phenyl carbonate=50 g/ Kg. Hr, diphenyl carbonate=0.4
gyPQﬂﬂﬂ%qu@neved fromthe line 60 was about 2.3 Kg/Hr.

The I ui d rermveg to the storgge,tglnk 44 cont ai ned
165 PHet TR EARBNGE 2EMRIS: S25B88R B0k by wei ght. The
anal ysis of the Ligui ﬂqﬁa at fde £@% e&Mﬁglggtgcted

at 9 ppm Inspe Ion 0 e |nS| e col um

r eveaak Whice SR8PRSd [ 22 .0N Thsedeaite Q@aé e continucus
distillation colum and the packing. Exanple 10

5Prmp]str:a{at<ageoﬁlshblmmrysioﬂumn whichotaoeompaskd of a
equi pped with a stirrer, a thernoneter,_a heatlng and

coo¢q> émtbe?-ahac% Ftfennal éém%%ran%do@g ei6Mol )

%e];]{]eg% §%d ’télﬁt’?%fhl@v\g %Ie jt'?’t lggn‘ggggture

Of Qo i®n QﬁanaP%féaidﬁﬂ by ¥@é&fh§“¥ﬂgzﬁﬂ@uﬂg t he

i qui tenperature at 0C, a m xture of 90 g (5nol) of

wat egmovasttl £2000 tBe oifcsn:émaraﬁ@heuasmddau, slomliypwubosli
hour. After the addition, the tenperature was raised
100 80G zate ofi abedt fbF0 I3 /Hsur $hrouah fa akine,gs and a

connected to a rotary evaporator.e ,
vacﬁiﬁﬁ%ﬂrr &l eF® a\/‘g‘E‘EF\L/i‘rﬂp m‘a‘ﬁﬁg g'lF'IP tﬂaft&ﬁa‘tmn
heaééﬂﬁm?%ﬁﬁ%tcggglf&cé%?gh about 0.1 m above the middle

stage. The heat required for the distillation

separation was supplied by circulating the liquid in

15 the lower part of the column th;éugh‘a line 34 and a |
reboiler 35, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 210°C. The bottom liquid was continuously removed
from the bottom of the continucus multi-stage

20 distillation column 27 through the line 34 to the

storage tank 36. After removing from the top of the

column through a line 28, the distillate was liguefied
by a cooler 29 and was removed continuocusly to a
storage tank 33. Distillation separation was carried

25 out by feeding the liquid, which Qas removed
continuously from the storage tank 33, ¢ontinuously at
a rate of about 100 g/Hr, through a line 37 and the

preheater 38, to the middle stage of a continuocus




the liquid to roomtenperature (about 20C). The | ow
boi I i ng point conponents were distilled by reducing
the pressure to about 25 KPa while maintaining the
liquid tenperature at 80C. Wen al nost all the
distillates cane out, theigenperature was raised
slowy to 230C and the pressure was reduced further

t 0 Muli- stageafii stilbanifion wiodymnha®. twitich wese cppposed

0 s e TR AL R R
RIS AR PR, B e S

A ddguireulfbrotnel @reil 1arabns lsépaﬁi‘@i/&ﬁ walddbuppeied
conposition is C 52.3%H 9.9% 0:  20.4% Ti: 17.4%
andey heireulatang The QGikuikbrnid sheckower lpantuifethef
oxygen atons except for the oxygen derived from BuO

wascalughithgough atbine 46TRES Rhrebebtey it And the

d bed .ab d to t
cortaTRAR RG: 9F EPE IReRiR clor B Bety-ohegs.
(OB ALi 113 13n!"Bb Dtk WA e r 491 48 wlﬁe féb%%\'!;:l ggbgsnd

stirrer, thernoneter, eating and cooling
ref'mw)bdwaﬁemsq*alwg dortinachelly arshdved Ifirgm dheas
heated to 80C while being stirred. Wiile keeping the
| i gedikamepfe theurenbingdE th@esga%Oiimﬁl)ll@ﬂ:mn
dlstllled and_ deh drated henol was 15 added. sl

A LS UGREPUND 4 HETe 46 Gouestarad o #80C and

| UL LDl GRETARNY BEEG oF PROT S, hEphan

theal1mé Gonashdl @Ykyil Bt has012806x1&3 by a cooler 41
and was removed continuously to a storage tank 44. The
liguid removed to the stofage tank 44'écntained methyl
phenyl carbonate at about 34% by weight. The analysis
of the liquid indicated that Ti content was below the
detection limit. No deposit or the like were found in
the distillation column on inspection.
Comparative Example S

Aromatic carbonate wa;'purified‘as'inrExample

9 except that the catalyst'waa'changed frbm'the
catalyst C to phenoxy titanate [Ti(OPh),] (molecular
weight: 420, vapor pressure: about 15 Pa at 230°C). The
amount of the liquid (average composition: methyl
phenyl carbonate=50 g/Kg-Hr, diphenyl carbonate=0.4
g/Kg/Hr) removed from the line 60 was about 2.3 Kg/Hr.

The liquid removed to the storage tank 44 contained




further renove distillates. The flask was connected to
20 the vacuum controller and vacuum punp, the pressure
was reduced slowy to 1 Pa and distillates were
renoved. Then the flask was taken out of the oil

bath, cooled to roomtenpeasature (about 20C) and the
|nS|de pressure of = the flask was returned to nornal

by mﬁttmdgmenw srpenaiithst aheut oP4hBlwedsbs g Rheh
red orange f,
cataarl'aﬁlléfsqﬁ %$ EL? egml%ﬁn%élgégﬁatt%%gsvs RS Hgﬁgated
thag, t 4, 7%
i T SRR ORLAP f ppl* el o MG cBtupd T
pr esafRA dowheta Sepdsaits Gantaenvall ¢hae daddutiaoion
phenyl titanate dimer [(PhO3-Ti-O Ti(OPh)3.2PhCH as
a n@¢kmmnm@@hehe pédkxoducti on of aromatic carbonic

acid eater] 5 A mxture consisting of nmethyl phenyl
carBAPRE® AOPC) and the catal yst was continuously

supplied ali m.an.inlet line 62 through a

pre eatar a%é’opo ?hgﬁ? q'ﬁlé'ﬁtg\t 1 mfromthe top of a
mul ti-stage gshi He@é&ﬁfh FQla4kNeili BFed RAWR laNsEifred,
10 whi ch was conposed a pressure control device 68
anda theqmknedeeol urmeamiﬂg 4nd teblimgmdidiicecBnidnaer nal

di aneter packed with D xon packing (6 mm) nade of
st aFef less condensenind3 4y r(éé)ctﬁpéh stetdd-ited out by

LGS LSO o Uleal bl SupiLy wipait 4F

TMNE T i B A
being mixed well. While maintaining the liquid
temperature at 0°C, a mixture of 90 g (5 mol) of water
and 2000 g of n-butanol was added slowly for 1 hour.
After the addition, the temperature was raised to 80°C
and stirred for 5 hours. The flask was connected to a
rotary evaporator eguipped with a vacuum controller,
vacuum pump and oil bath for heating after cooling down
the ligquid to room temperaturé (about 20°C). The low
boiling point components were distilled by reducing the
pressure to about 25 KPa while maintaining the liquid
temperature at 80°C. When almost all the distillates
came out, the temperature was raised glowly to 230°C and
the pressure was reduced further to 1 Pa, and after
confirming that there were no distillate, nitrogen was
added to return to nOrmél-pressure and the temperature

was returned to room temperature (about 20°C) to obtain




\

was about 195C, the pressure at the top of the colum
was about 30 KPa, the reflux ratio was about 2.1. As
20 the result of the reaction, the liquid containing

di phenyl carbonate, which was the reaction product,
was obtained fromthe botteg 65 of the continuous
multi- stage distillation colum through the outlet 70
of abeut @F50ng bbtpake |yeddiow. vireoywaslifgwid.| | Fhésfrom
a gas 25 qutlet 66, disposed on the.to 6% of 5é;he 1vai
col 1Hftighd s BoRBEAYERE By a TESnYERULE 7 SIRMSRF ABR-YHP
con e [_i.qui f ].uxe ndz rest .

r en%-\?/%%cfrtg r%ltaghg o%@i%#%l%’f q? hé' C%ﬁngg‘n'sgg |9¥\%3i' &
Frog 144 ,s 1qondensed 4GP cHer@Uilg andyrir@dicChondi FEAY !
carbonate, was obtained. Fromthe [iquid renoved from
shetheé nambeyr difpbeyyén atamzoeatepvafonitia wxygan a
rate of 705 g/Kg/Hr. No deposit or the like were

f oudgrived Haom BuP| vag i braRisgtuTh JFCT spedhignthe

(Purificatiqn of aromatic carbonate) mati.c

Cor ST s SBAFTIPER Ay 18 Reoruned FR e R piguse
The [ 0 'AH%?g; ; ti erdiglel | pig
colﬁérirtn?e/é{v%qﬁg\t%a \?\’/ggygoﬁ%%se ofdlglmu L:1(51%l{t)(igl)gl}nn'ﬁvviét Eizﬁisl%?ﬁ]
I Nt £4 ndlmadina@epenéne. 1 mtall, filled wth Dixon
packing (6mm) Distillation separation was carried
1put by feedi Ag théslflpski thenstddrerorsheamnometer,

af orenenti oned |ine 60, continuyous| rat e of

abRR3EY GRdk CoOPhIBASPE IS aadose gl o PPERHEES
25 SR AL WA AR ALY L8148 P14 et
st ages rrdie halli1beRebp Bl ftdle 1RGudaStédderdtdre at 80°C,
4700 g (50 mol) of distilled and dehydrated phenol was
15 added slowly. After the addition,lthe liquid was
heated to 180°C and low boiling point componehts were
evaporated. When there was almost no distillate, the
temperature of the liquid was slbwly raiged to 230°C to
further remove distillates. The flask was connected to
20 the vacuum controller and vacuum pump, -the pressure was
reduced slowly to 1 Pa and distillates were iemoved.
Then the flask was taken out of the oil bath, cooled to
room temperature (about 20°C) and the inside pressure of
the flask was returned to normal by nitrogen. Solid
25 substance of abdut 4300 g with red orange coloring was
obtained. This was the catalyst C. The result of
element analysis showed that the compesition is C:

64.5%, H: 4.5%, O: 16.7%, Ti: 14.3%. The catalyst C




separation was supplied by circulating the liquid in
the |l ower part of the colum through a line 34 and a
20 reboiler 35, and the tenperature at the bottom of
the nmulti-stage distillation colum was controlled to
be about 210C. The bottomiirqui d was conti nuously
renoved fromthe bottomof the continuous nulti-stage

di sdesqzitiesh aboveanhs areswmedghot Re #ipkxtyirg goptaining
t 25 tank 36. After renpv f_th
ol DAoL MO DRCPRTHE S0 CAPRESCRLDTY | Liiojalr o
o LELAD By R g SRR TDL O PO o e

to a t1on separatlon was

car [beshiydtiony of dPSmad Redatbohlle heidishtesi ch was
renmoved continuously from the storage tank 33,

EontinuouslyAamiatuaﬁeCQﬁstﬂmiug of Ofepiydy phemydugh a

line 37 and aﬁpeheater to.the mddle stage of the
conFRFRAAREeMIMPL) sRBE e GatRLyet otae CAMFHnuesslyhi ch

d of | h 2
it omutaah aed e, Bigitd P 14b St (1198 Wropon 2
grelmﬁc&e%ta E80thé erbd¥idnnacdiShi £ itQd top of a

separation was supplied by circulating the liquid in
t hemhDyierstagiet dabtibkatiinimolumnoayhas shown 46 ang. ad,
reboiler 47, and the tenperature at the bottom of the
1gul vhich aps ¢oopprpedt¢HiR @I RaSOREIRY Slavdger §8pand

bout 2 bot { I { d
T o RABH LIS VEFE LOhAToatdnDl (Pt cggtrai ™"
q
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t hest £01 1888 HReeughahderid N@atliohhRasli ¢drdiled ousaby

heating with the reboiler (the ligquid supply from the
15 inlet line 62: 4.2 Kg/Hr; composition of the liquid
supply: MPC=about 99% by weight, catalyst C=12.5
mmol/Kg) . The temperature at. the bottom of the column
was about 195°C, the pressure at the top of the column
was about 30 KPa, the reflux ratio was about 2.1. As
20 the result of the reaction, the liquid containing
diphenyl carbonate, which was therreaction product, was
obtained from the bottom 65 of the continuocus multi-
stage distillation column through theroutlet.vo of the
column bottom liquid. The gas distillate from a gas
25 outlet 66 disposed on the top 64 of the column was
condensed by a condenser 67. A part of the condensed
liquid was refluxed, and the rest was remcvéd~frém an

outlet 69 of the condensed ligquid. From this condensed

P S R T T T



l'iquefied by a cooler 41 and was renoved conti nuously
to a storage tank 44. To a storage tank 48, white
liquid which was solidified at anbi ent tenperature was
conti nuously renoved and this was di phenyl carbonate,
about 100% by wei ght. The asal ysis of the liquid
indicated that Ti content was_ bel ow t he detection

| i A iquinb addpopredert + EMethylnerREDIRAKR Wis pitained.
distillation,colym on_ i ect [ on. ) atj.v npl e
5 Asmans difBiatead em HBE LER L dibRepY

exc ‘ g : .
caroropside, WAg GOLELUG, S0a FUBROSE ITT/ARTRT 1o,
[ Ti dégRni4 2PhEHé (1m¢ arddedfonniaghh thé htigeiphanobn
adduct: 420, vapor pressure: about 15 Pa at 230C) (the
bi quelsumpl iedpéecoivnhe inlet line 62: 4.2 Kg/ Hr;
conposition of the liquid supplied: MPC=about 99 wt.%
cat BPymification phAYRAticTIFaTPERpEPht ure at the

bottom of the_col um was about 5 e or re at
the top of t%‘gcﬂ'sgbﬁnca\‘/é)son %c%u{”&go&%’?leé’gé‘%?ﬁg fgef

| UXgedAld BniRS- §Hoﬁig.2-21.- el BevSLte e d ddatdBuous
white liquid which was solidified at ambient

temlﬁfwtag‘aaaisabmitmmusioaummhmm tdm@bmd of a
di phenyl carbonate, about 100% by weight. The
lanatykimn ofithhd fngui thtemgilc ddapetemtand s tadtect ed

at m _Inspection of the inside of_ the.golum
eV EEFIR PG DHRRBSARR (o) | TASkifdAtion

b0 SR EI  Bekugg S

removed from the aforementioned line 60, continuously

at a rate of about 100 g/Hr, through a line 25 and a

15 preheater 26, to a-continudus multi-stage distillation
column 27 at the location about 0.1 m abeve the middle
stage. The heat reQuired for the distillation
separation was supplied by éird@latiﬁg'the liguid in
the lower part of the column through a line 34 and a

20 reboiler 35, and the temperature at the bottom of the
multi-stage distillation column was controlled to be
about 210°C. The bottom ligquid was continuously removed
from the bottom of the continuocus multi—stage
distillation column 27 through the line 34 to a storage

25 tank 36. After removing from the top of the column
through the line 28, the distillate was liquefied by a
cooler 29 and was removed continuously to a storage

tank 33. Distillation separation was carried out by




carbonat e produced by the nmethod for production in
Exanpl e 1) D phenyl carbonate obtained in Exanple 1:
23.5 g and bi sphenol A: 22.8 g were put in a vacuum
reactor equipped with a stirrer and polynerized at

8000 Pa for 30 m nutes ande4000 Pa for 90 m nutes
while. being purged with nitrogen gas. After this,

t enfredimg -@%méimai@e dhisho Fee AANCYRA VIRNGLRRCNEHY wakom
continued at 70 P r 1 haqur. omat i c pql ycarbonate
e ATe, Ak 4y SR TPRHERE Thes AR GE 2808t
col pk n A4y aml n

ol S0 o TR el 53 TR WREIRENRAR, | o ene
( Pohyddrd prage Basthe lodttinuebbaini®ei fdtge distillation
di phenyl carbonate produced by the nmethod for

pr ockilotnrord 9, n wBdapavas i campesdpbé 4)c@iysremith 2 inch

car bonat e obtained in Exanple 2: 23,5 g.and_bispheno

A el diamgherang 3, At bedebty bt St FEE t h
a stirnrer d y i zed _at 8000 _F .30 .01 :
AT & BPbD T e AR T N g SR don
ni t L QOeM% G wAk! Bhpplisi b eLRhtify Wase Nalgeed im
270C and polynerizg?%on magl%%gntinue at 70 Pa for 1
houthe Arcvat iparpobf cetid arrdiuenl Bhebtgh nedline g6chnd aay
had red col oring and the nunber average nol ecul ar

vei gekoider 97808nd| NIRvSTERDRrasppe| TREHRe Ppttom of the

multi-stage distillation column was controlled to be

about 230°C. The bottom liquid was continuously removed

from the bottom of the continuous multi-stage
distillation column 39 through the line 46 to a storage
tank 48. After being removed from the top of the
column through the line 40, the distillate #as |
liquefied by a cooler 41 and was removed continuously
to a storage tank 44. To a storage tank 48, white

liquid which was solidified at ambient temperature was

continuously removed and this was diphehyl carbonate,
about 100% by weight. The analysis of the liquid
indicated that Ti content was below the.detégtian
limit. ©No deposit or the like #ere found in the
distillation cclumn on -inspection.
Comparative Example 6

Aromatic carbonate‘ﬁas purified as in Example
10 except that the catalyst was changed from the

catalyst C to phenol adduct of phenoxy titanate




According to the present invention, high purity

di aryl carbonate can be produced with a catalyst 15
easi |y renoved when produci ng aronatic carbonate by an
transesterification of a starting material and a
reactant in the presence _ofyya oetal -containi ng

catal yst while distilling off by-product al coho

andl Dk (QRh) «2PbOHLt (Wobedullar seightit ¢itiputh@hepedi de of

the 20 reaction system An aronptic polycarbagn

pr RRANSF 1y 200 r YABRE (RAGITUTEL O%n%i% s %P?E@% (the
carbpnat [ d t,he t,hod t he, Ntrero. .

[ nvelrﬁlluodﬁ Aﬁ)‘?%g #ég £ %%rrﬁeoﬁgl}?gglg%ed ﬁs%%ﬁ‘%ﬁéri ty.

172%ombdAitBn b fneEifgdd %FPEQQGJQim%o%&OGEt WE. %,
carbonate, which conprises allowing to react a

st atdtalystatenzab msel Agled fThenténpexatoiune agnshet i ng
of a dialkyl carbonate represented by the follomﬁn%

f orpeitten DE the calumym wag abubohdbe r dhechERPBU DA
the following .formula (2) and a o t f _with
T EEEISAR OLoehECPRtuT OHR RECUEoRD RoRei A RBCoFSRhx
aroppi e wa{ED%QMpfSX% C%@%ﬁg‘j&@?&g&% 4y Whgce

a ({3), an alkyl

folTowng Tornu aryr carbonate

repi £5e1d &hikY WhE sbDldiida] atobnblent HenPetature was

m xture thereof in the presence of a netal-containing
cat ebysinuonistlly reinsved |amdy tdfife waspdiphenylalcagbonste,
and/ or by-product -dialkyl carbonates to .the outside
of ¥prut i0Y & wejshlem ThfePBByYBL8RE P gﬁqé’liarrati c

car bODALS o TRLEOFE 58k Neddit bk Ol figh O RUpRCE R of
the inside of the column revealed white deposits on the
wall of the distillation column and the packing.
Example 11 (Polycarbonate was c¢btained from diphenyl
carbonate produced by the method for production in
Example 1) ,
Diphenyl carbonate obtained in Example 1:
23.5 g and bisphenol A: 22.8 g were put in a vacuum
reactor equipped with a stirrer and polymerized at 8000
Pa for 30 minutes and 4000 Pa for 90'minutes while
being purged with nitrogen gas. After this,
temperature was raised to 270°C and polymerization was
continued at 70 Pa for 1 hour:. Aromatic polycarbonate
obtained in such a way was transparent without coloring
- and good qguality. The number average molecular weight
was 10,560.

Comparative Example 7 (Polycarbonate was




following formula (6) corresponding to the starting
material and the reactant, wherein the

net al -contai ning catalyst is an organic ,

pol ytit anoxane conposition of a nolecular weight of
480 or nore which conpri-sagogh lLeast two titanium
atoms and is dissolved in a liquid phase in the

r eaehtasimedy from or present in the formof |iquid
during the reaction, R® -O0--,R - 172/1 (i) 173 -
R2Z/OY (c)""Arz (2) ArlOH (3) Rs/-O YOAr3 (4)
(wherein R, R2 and R3 in the formulas (1) to (4)

i ndependent |y represent an al kyl -group having 1 to 10
carbon atons, an alicyclic group having 3 to 10 carbon
atons or an aral kyl group having 6 to 10 carbon atons,
and Arl, Ar2 and Ar3 independently represent an
aromatic group having 5 to 30 carbon atons), and R/ O
p"~"Ar (5) Ar O' \Ar
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O (6) (wherein Rand Ar in the fornulas (5) and (6)

are each selected fromRl, R2, R3, Arl, Are and Ara

of the 174 corresponding starting material and

reactant). 2. The nethod according to Caim1l, wherein

said organic polytitanoxanelconposition cont ai ns at

| east one al koxy group and/or OXy group as an
bﬁcé%@

or g&phenygr cagbogateRroddedd drelgiad forai m 1,
wherei n said ani c tltano ane.  conposition is
obt B nalnpg??%%ﬁﬁﬁﬂéhﬁ¥8ﬂp 8attion of at |east
one raw mat egj | atcOR; thng
of tetraalkg&gb ? ﬁ”%ﬁ%ﬁﬁbfraﬁbfg??ggg#ﬁn1 h% 2 |

bei 519, 5 339|a91@t edspremeClaandg . Brg #8ge (pi@iini@ vacuum
hydr oxi 4. The method according to Claim3, wherein

Sai ﬂeaa}rq;amqulppégltwiianm(atarwenpas@tpcuww:i@bdaah e@000
by sequentially or sinultaneously gerforn1ng t WO

st elf)% Tz 30) mAnBpas i R £498 Prafry R dHGTIFASI PR bBuct
artiall ydr ol yzing tetraal ko and 2)

o eiq Ri=bep WLERYEI e SRR o KR YT

Conpap&yt deu%l WdkNPa B4 &PRY 2Hiped 48 ﬂ&%b@hkéltﬂ&i’f/das

hydrol'yzed product and subjecting thé product to -

- pednyiniud@n aat i7o0nPa Sfodl e hewirh o dAAcmat it Ip@ltyuaﬁaanme

3, wherein said

10 obtained in such a way had red coloring and the number

average molecular weight was 9,800.

INDUSTRIAL APPLICABILITY
According to the presént inventibn,‘high
purity diaryl carbonate can be produced?with a catalyst
15 easily removed when producing aromatic varbonate by an
transesterification of a starting material and a
reactant in the presence of a metal-cdntaining catalyst
while distilling off by-product alcohol and/or by-
product dialkyl carbonate to the outside of the
20 reaction system. An aromatic polycarbonate produced by
transesterification comprising diaryl carbonate
produced by the method of the present inventicn is free

from coloring and has high quality.




organi c pol ytitanoxane conposition is obtained by
subj ecting tetraal koxytitaniumto heating,

deet herification and pol ycondensati on. 6. The net hod
according to Claim3, wherein said  organic

pol yti tanoxane conpositieniizg ebtai ned by
sequentially or sinultaneously perform ng three steps
of :CIAIMSreparing a partially hydrol yzed product by

partially hydrolyzing tetrahalotitanium 2) distjlling
of fLa | ow bof f"ﬁéh%‘gifrﬂr PESBEMRGL 3T r%‘?ﬂ“{a%écpSPﬁ’%’i‘ﬁeq'
hydpol t gﬂ% Ri.e¢b50 1 he HAdUChatlrial
po|J§%%§2%§§%?g%§a% :uggact?ng the’reletgnpémffh
al catmdoted erBMi PBe e cRhcaBt ahg &t koxplaakiyng the
same. 7. The nmethod according to any one of Claim1l or
Cd atambdhate Gepwheemied $ni dhpolfollewink fivaemydapdd) t i dn
is used as is or after al koxy group exchange bﬁ
r et i@ titte CRERPOATS | PTRSER L&A BY RS thidn “¥dhFai ni ng
at %east 0 nmenher selected,fromalcahal,. . mati c
ny SR ForgsURBT ahd SH B Roge h wen, mg3erAbe
met o AGLPEILRIL RO AVLPRRnRE sELAY BE H arbhdkis 2 to
7, wherein said titaniumcontaining conmpound contains
at heagtydossyTcompoiid | repae@eniel byl the Folllbeingt hod
according to Caim8, 175/1 wherein said titanium
confaimiley (Gomponnalkyianydi warponate grepreped®sdi RY ofee
nol ecul e., , N
following formula (4) and a mixture thereof in the
presence of a metal-containing catalyst, with
distilling off by-product alcohols and/or by-product
dialkyl carbonates to the ocutside of the reaction
system, thereby producing an aromatic carbonate
represented by the following formula (5) and/or the
following formula (6) correspcnding to the starting
material and the reactant, |
wherein the metal-containing catalyst is an
organic polytitanoxane composition of a molecular
weight of 480 or more which comprises at least two
titanium atoms and is dissolved in a liquid phase in
the reaction system or present_in the'form of liquid

during the reaction,

Ru/il\ﬂrfo“\R1




- 176 10. The nmethod according to C.aim9, wherein
said titanium containing conpound contains at | east
one Ti- O-Ti bond in one nolecule. 11. The net hod
according to Caim1, wherein said netal-containing
catal yst has a vapor pressgegiat 230C of 10.Pa or

| ower. 12. The nethod according to any one of Claim1l
or Cainms 2 to 11, wherein €&id netal - containing
catalyst is used in a proportion of 0.0001 to 30% by
wei ght based on the total weight of said starting
material and said reactant. 13. The nmethod accordi ng
to any one of Claiml or Clains 2 to 12, wherein said
aromati ¢ hydroxy conmpound is phenol.
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(2)

Ar'OH
(3)

RS/OTO\Ma |

(4)
(wherein R', R? and R® in the formulas (1) to (4)
independently represent an alkyl group having 1l to 10
carbon atoms, an alicyclic group having 3 to 10 carbon
atoms or an aralkyl group having 6 to 10 carbon atoms,

and Ar!, Ar? and Ar® independently represent an aromatic

group having 5 to 30 carbon atoms), and

- O 0.
R T Nar

()

O
Ar’/\\anD\WH
Q.

(6)

(wherein R and Ar in the formulas (5) and (6) are each

selected from RY, R?, R%® Ar!, Ar? and Ar® of the




s S R ST

correspanding gtarting materia1 aﬁd reactant) .
2. The method according ﬁo Claim 1, wherein said
organic polytitanoxane composition contains at least
one alkoxy group and/or aryloxy group as an organic
group. |
3. The method according to Claim 1, wherein said
organic polytitanoxane compositién is obtained by a
polycondensation reaction of at least one raw material
selected from the group consisting of
tetraalkexytitanium, tetrahalotitanium (TiX,: X being
selected from Cl and Br) and titanium hydroxide.
4, The method according to Claim 3, wherein said
organic polytitanoxane composition is obtained by
sequentially or simultaneously perfbrming_two steps of:
1) preparing a partially hyd:alyzed,product
by partially hydrolyzing tetraalkoxytitéﬂium,and
2) distilling off a generated low boiling

point component including alcohol'frdm_the partially
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hydrolyzed product and subjecting the product to




.-1'75-
polycoﬁdensaticng
5. The method according to Claim 3, wherein said
organic polytitanoxane composition is obtained by
subjecting tetraalkoxytitanium te heating,
deetherification and polycondensation._.
6. ' The method according to Claim 3, wherein}said
organic polytitanoxane composition is obtained by
sequentially or simultanecusly performing three steps
of:

1) preparing a partially hydrolyzed product
by partially hydrolyzing tetrahalotitanium,

2) distilling off a low boiling point
component from the partially hydrolyzed product and
subjecting the product to polycondensation and

3) reacting the resultaﬁt with alecohol,
removing HX therefrom and alkoxylating the same.

7. The method accerding to any one of Claim 1 or
Claime 2 to 6, wherein said polytitandxané composition
is used as is or after alkoxy group exchange by
reacting the composition with a composition containing
at least one member selected from alcohol,'an a:omatic
hydroxy compound and carbonic acid estei;.

8. The method according to any one of Claim 1 or
Claims 2 to 7, wherein said titanium containing
compound contains at least two Ti atoms in one
molecule., | =

9. The method according to Claim 8,




. ‘ - 175/1 - ”
wherein said titanium containing compound contains 2 to

6 Ti atoms in one molecule.
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10. - The method according to Claim's; wherein said
titaniﬁm ccntaining compound contains at least one_Ti-
0-Ti bond in cne molecule.
11. The method according to Claim 1, wherein said
metal-containing catalyst has a vapor pressure at 230°C
of 10 Pa or lower.
12. The method according to any one of Claim 1 or
Claims 2 to 11, wherein said metal-containing catalyst
is used in a proportion of 0.0001 to.30% by weight
based on the total weight of said starting material and
said reactant.
13. The method according to any one of Claim_l or
Claims 2 to 12, wherein said aromatic hydroxy compound

is phenol.




